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Regulatory enforcement for forest conservation efforts in Brazil often failed to prevent 
large scale deforestation in the Amazon. However, a turning tide occurred in 2005, when 
a combination of unfavorable economic conditions and an unprecedented coordinated 
effort between governmental institutions resulted in a consistent deforestation decrease. 
Continuing decreasing deforestation in an environment of economic recovery and 
expansion suggests that regulatory enforcement has achieved a measure of success 
hitherto not experienced. Understanding the determinants and requirements of effective 
law enforcement is necessary as a precondition to preserve forests and prevent 
emissions from deforestation and degradation, as well as precondition for an effective 
implementation of newer forms conservation efforts such as payment for environmental 
services. The present research analyses the way in which administrative sanctions and 
measures to improve territorial management impacted deforestation. We do so by 
exploring public datasets on the number and magnitude of fines imposed for illegal 
deforestation in the Amazon, as well as by exploring a previously unavailable dataset of 
confiscation of produce and means of production in the southern Amazon state of Mato 
Grosso. We further our analysis in Mato Grosso by developing a novel methodological 
approach to assess the impact of the imposition of embargo on rural properties as 
another form of sanction; we also analyze the relation between deforestation decrease 
and an increase in the number of rural properties in Mato Grosso whose perimeter is 
registered in a georeferenced land cadastre, by comparing deforestation inside 
georeferenced properties and non-georeferenced properties. We find that the decrease in 
deforestation is strongly associated with heavier fines, but difficulties faced by 
authorities to effectively collect the values diminish the coercive effect of fines. In 
addition to confiscation of means of production and produce, and embargoes were 
found to be effective forms of sanctions, particularly deforestation within the borders of 
the embargoed property. Similarly, forest loss inside georeferenced properties is smaller 
than in non-georeferenced properties, although this effect is uneven across 
municipalities where deforestation pressure is strong. Although the imposition of 
sanctions and improvement of territorial management were shown to have played an 
important role in the deforestation decrease, large gains can be expected if 
improvements in the fine collection process materialize into faster and higher rate of 
fine collection, as well as if there is enhanced cooperation between national and state 
authorities.       
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Deforestation of the Brazilian Amazon reached 4571 km2 in 2012, the lowest 
level since satellite monitoring started in 1989. This level of deforestation can be 
positively evaluated for two reasons: firstly, it is in stark contrast with the year 2004, 
when deforestation had reached 27.7 thousand km2, an area not only roughly equivalent 
to Haiti, but also the second highest annual deforestation area in the historical series. 
Secondly, it is an indication that the deforestation rate goal proposed in the National 
Policy on Climate Change for the year 2020 can be achieved before the set deadline. 
According to this plan, Brazil is to reduce Amazon deforestation to 80% of the average 
between 1996 and 2005, which is equivalent to 3800 km2/year. Should the present 
elements that have allowed for the decrease be maintained or even strengthened, by 
2020 Brazil will not only have prevented the loss of still poorly understood biodiversity, 
but also effectively contributed in reducing emission of GHG from forest conversion. 
But what are such elements and how have they interacted? 
 
 Since the later part of the 20th century, deforestation in the Brazilian Amazon 
occurs mostly as a result of forest conversion into pasture land, and in the case of 
southern Amazon, soy beans plantation as well (Fearnside, 2005; Nepstad et al., 2009; 
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Rivero et al., 2009; Barona et al., 2010). Figure 1.1 shows the correlation between 
deforestation in the Amazon, bovine herd size and soy plantation area variation, and 
price variation for soy beans and beef in the domestic market since 1989. With the 
exception of 1995, when the steep increase in deforestation is associated with the 
implementation of the so-called Plano Real -- a major set of measures taken to stabilize 
the Brazilian economy after years of hyperinflation (Fearnside, 2006) that resulted in a 
complete reengineering of the Brazilian economy -- increase in deforestation is 
generally associated with beef and soy expansion. Commodities expansion occurred 
mostly as a result of favorable economic conditions. For the case of soy beans prices, 
Sousa et al. (2014) demonstrated that between 1996 and 2012 price variations were 
explained mostly by international prices, followed by exchange rate variation and lastly 
by domestic elements not directly related to production (Gaio et al. 2005; Boechat, 
2014). Similarly, the variation in the beef price is largely explained by international 
stock (Teixeira and Maia, 2008).  
 
 From 2005 onwards, however, the pattern of increased prices and production and 
associated deforestation was interrupted. If the economic drive of deforestation, that is 
the conversion of forested areas into more profitable types of land use, continued to 
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operate, what other elements could have caused the welcome deforestation slowdown?  
 
Figure 1.1 – Deforestation, beef and soy beans in the Brazilian Amazon 
Source: author, based on INPE (2013), IBGE (2013a), IBGE (2013b), CEPEA (2015)   
 
The anti-deforestation action plan PPCDAM, implemented in 2004 and further 
strengthened in 2009, is often considered to be the foundation stone of the present 
decreasing deforestation trend. It was crafted and implemented as a direct result of the 
sharp increase in deforestation between 2001 and 2004. The PPCDAM was the first 
integrated effort among various government agencies to improve monitoring and the 
application of sanctions for illegal deforestation, to clarify the murky land tittles 
situation that facilitated deforestation, and to promote sustainable economic practices in 
the Brazilian Amazon region (Brasil, 2004). A retraction in the prices of soy and beef 
from 2004 until 2006, pressure of the organized civil society on large industries that 
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produced or consumed agricultural goods from the Amazon, as well as other 
governmental measures related to but not necessarily implemented within the scope of 
the PPCDAM coincided with and reinforced the actions promoted in the plan, resulting 
in a deforestation reduction of 83% between 2004 and 2012. Understating how such 
elements have interacted is essential if we are to apply any lessons that can be learnt to 
other contexts that also suffer from tropical deforestation. 
 
1.2 Research issue 
Deforestation in the Amazon can be explained from three different 
perspectives: as a direct effect of infrastructure network expansion by the Brazilian 
government in the region and the population growth that resulted from it; as a direct 
consequence of forest conversion to agricultural areas and pasture lands to meet 
increasing domestic and international demand for agricultural products; and as a result 
of institutional weaknesses of the various levels of government bodies responsible for 
the enforcement of forest law or the contradictions between government policies for the 
Amazon region. 
 
Since the early 2000s, government sponsored large scale infrastructure and 
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integration projects have not occurred at the same scale as in the 1960s to mid 1980s 
period. Furthermore, despite the negative trend in the mid-2000s, demand for 
commodities produced in the Amazon continues to grow, pushing prices up. As such, we 
have strong indication that factors related to improvement of environmental institutions 
played a significant role in the deforestation slowdown observed since 2004. 
 
Given the importance of low deforestation of the Amazon not only to Brazil but 
to the global community, and the acknowledgment of the effectiveness of command and 
control measures and clarification of land tittles situation for the success of PPCDAM, 
one expects such measures to have been rigorously analyzed by the academic 
community. However, such studies are still insufficient in number and in scope. On the 
application of sanctions, for example, Brito and Barreto (2006) demonstrated how the 
government collected only 2% of the value of environmental fines issued between 1999 
and 2002. They call for improvements on the application of sanctions, but follow-up 
studies are limited, particularly for the period of decrease in deforestation. Additionally, 
other types of sanctions such as confiscation of produce and means of production, or 
even the embargo of properties, have not been the focus of detailed analyses. 
Concerning the clarification of land titles situation, rigorous GIS-based analyses on the 
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actual effect of establishing protected areas--be they in the form of indigenous areas or 
conservation areas--on deforestation are still limited. Further still, the clarification of 
land titles situation in the Amazon was not restricted to the establishment of new 
protected areas. Contemporarily, the implementation of a GIS-based rural land cadastre 
by INCRA (the federal colonization and land reform agency) also helped unravel the 
chaotic land title situation in the Amazon by clarifying the actual borders of rural 
properties. The impacts of the implementation of this cadastre on deforestation are a 
topic that has not received any type of analysis yet. 
 
When one attempts to understand the process by which deforestation decreased 
in the 2000s in the Amazon, one is challenged by the great diversity of the region. The 
wide heterogeneity of the political economy of the Amazon is matched by a similar 
heterogeneity in the organizational capacity level of the states governments, resulting in 
federal policies being implemented at different schedules, and thus impacting on the 
availability of certain data. Amongst the nine states in the Brazilian Amazon, Mato 
Grosso occupies a prominent position; it houses a large share of the agricultural sector 
in Brazil, with its leading soy bean and beef industries being well integrated with the 
large consumer centers in the Brazilian Southeast, as well as with the international 
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market. Historically, it is a state with high deforestation and, on a first glance rather 
surprisingly, where most of the decrease in the deforestation between 2004 and 2012 
occurred. Additionally, Mato Grosso state environmental bureau top servants were 
involved in a large corruption scheme uncovered by the Brazilian federal police in 2006, 
resulting in thorough, far reaching reorganization of the institution. All these elements 
make understating the dynamics of deforestation drives and anti-deforestation policies 
in Mato Grosso essential to understand the decrease in deforestation of the Amazon 
region as a whole. 
 
Therefore, the present research aims to analyze the impact of sanctions against 
illegal deforestation and the impact that clarification of land tittles situation had on the 
Amazon region, particularly in Mato Grosso state. Our initial working hypotheses are: 
1) increasing the number of sanctions imposed and their magnitude had a negative 
impact on deforestation; 2) considering that all rural private properties in the Amazon 
have to maintain a certain area of the property with the original forest cover, registration 
of GIS information of the location and boundaries of rural private properties had a 
negative impact on deforestation. The level of analyses of hypothesis 1) is initially the 
Amazon region as a whole for the impact of fines, and then Mato Grosso state for the 
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analyses of confiscation of means of production and embargoes. For hypothesis 2), 
availability of data restricts our analysis to the southern Amazon state of Mato Grosso. 
 
1.3 Previous research on Amazon deforestation decrease 
The Action Plan for the Prevention and Control of Deforestation in the Legal 
Amazon-PPCDAM was a central conservation policy effort implemented by the 
Brazilian government in 2004. Its implementation was a direct response the renewed 
increasing deforestation that had been occurring since 2001. The background against 
which the plans was implemented can be summarized in three distinct factors: the 
recognition that the previously adopted development models for the Amazon region had 
not led to significant improvements in the livelihoods of the local population, the 
widening of the socio-economic inequalities between the people of the Amazon basin 
and other regions of Brazil, and the realization that the environmental impact of 
deforestation over time had indeed been considerable (Brasil, 2008). Additionally, the 
various regulations in place to balance economic production and environmental 
conservation were often overlooked or inadequately enforced.  
 
 In an external assessment of the PPCDAM requested by the Brazilian 
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government, it was indicated that among the plan’s three main pillars - the promotion of 
sustainable development, the better management of land titles, and the strengthening of 
deforestation inspection, sanction and monitoring activities – actions to achieve the 
latter were considered to have been the most effective in reducing deforestation in the 
first years after the implementation of the plan (MMA, 2013). Soares Filho et al. (2010) 
place greater importance on monitoring over sanctioning, but agree in that these two 
elements were the most important in the deforestation slow down, followed by a drop in 
the prices of agricultural products. 
 
 Following the implementation of the plan and the recent deforestation slowdown, 
scientific literature evaluating the various aspects of the plan started to emerge. One of 
the most recent studies was conducted by Borner et al. (2015), who used GPS point 
coordinate data of field inspections performed by the federal environmental enforcing 
agency IBAMA to confirm their deterrence effect on future deforestation. Also focusing 
on monitoring and inspection, Assunção et al. (2013) used municipal level panel data 
from 2007 to 2011 to evaluate the impact of monitoring on deforestation. The 
methodology used was based on the fact that DETER, a satellite-based system for real-
time detection of deforestation introduced as part of the PPCDAM, cannot monitor 
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areas under cloud coverage. After demonstrating that cloud coverage, and thus satellite 
visibility, is correlated with the number of fines issued by the federal environmental 
agency IBAMA, the authors use it as a source of exogenous variation in the number of 
fines for the estimation of the effect of monitoring on deforestation. They conclude that 
without the fines applied by IBAMA, deforestation in the 2007-2011 period would have 
been 75% higher. Additionally, they show that more stringent monitoring did not affect 
municipal level agricultural production.  
  
 Assunção et al. (2012) performed a before-after analysis for the policy turning 
points in 2004 and 2008 (the launch of the PPCDAM and the enactment of additional 
deforestation control measures in priority municipalities), while controlling for 
municipality fixed effects and product prices. They reported large decreases in 
deforestation following the policy turning points in municipalities with binding land use 
constraints. In another study complementary to Assunção et al. (2012), Hargrave and 
Kis-Katos (2013) thoroughly investigated municipal level determinants of yearly 
variation in Amazon deforestation between 2002 and 2009. They focus their analysis on 
the effect of agricultural products and beef price variations, government policies 
concerning agrarian reform/colonization settlements and protected areas, subsidized 
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rural credit, the local presence of environmental police, and environmental fines. Their 
analyses show that beef and soybean prices and environmental fines are some of the 
main drivers in the fluctuations of deforestation rates during the period of analysis, as 
changes in these variables are responsible for changes in the expected profitability of 
future land use. They call for caution on government claims that it was only the 
conservation policies implemented within the context of PPCDAM that brought 
deforestation rates down; market conditions also played a key role in the process. 
  
 In addition to the effects of conservation policies and market forces on 
deforestation slowdown, there is also a growing body of literature that focuses on how 
different actors have responded to official conservation policy efforts. These studies 
point out how large producers contributed the most for the deforestation decrease, while 
smaller producers have increased their share in the deforestation that still occurs in the 
Brazilian Amazon (Godar et al., 2014; Rosa et al., 2012). 
 
1.4 Main Theoretical Frameworks 
Environmental Institutions and Law Enforcement 
 In the influential work Institutions, Institutional Change and Economic 
21 
 
Performance (1990), Peter North proposed one of the most commonly used definitions 
of institutions, stating that they are the “rules of the games”, that is, they are the social 
entities that shape and explain human behavior in ways that take into account broader 
cultural and historical contexts (Rajão et al., 2012). Concerning environmental 
institutional frameworks, Rajão et al. (2012), citing previous research, indicates 4 
distinct elements. First, the establishment of clear land rights, including the creation of 
protected areas in public lands (Nepstad et al., 2006) and the definition of land use 
rights and titles in private lands (Wood and Porro, 2002). The second element is the use 
of advanced environmental monitoring systems such as remote sensing and geographic 
information systems (Fonseca et al.,2009, Carmenta et al., 2011). Economic factors also 
influence the establishment of strong environmental institutional frameworks (Macedo 
et al., 2012). Finally, an efficient legal system also plays a central role in the 
establishment process of such frameworks. (Imperial, 1999; Dasgupta et al., 2001). 
 
 Because they are the “rules of the game”, institutions are very powerful in 
determining the behavior of individuals; this influence is not, however, deterministic or 
straightforward. On the contrary, rules need to be institutionalized, that is, they need to 
be internalized as taken-for-granted to become effective. (Robey and Holmstom, 2001). 
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Compliance with norms thus is impacted both by formal and informal rules (North, 
1990), as well as by individual cognition and the social construction of reality (Berger 
and Luckmanm, 1967; Meyer and Rowanm, 1997; DiMaggion and Powerl, 1983). 
Authors such as Tyler (1990) stress that obligation to comply with the law originates 
from morality and legitimacy; people feel committed to obeying a specific law because 
they feel the law is just, or because there is acceptance of the relevant authority’s right 
to dictate behavior. In order to understand the functioning of institutions, it is thus 
necessary to be aware of not only formal and informal rules, but also to whether 
enforcement practices are sufficiently efficient so that the breaking of rules is not 
worthwhile (North, 1990). 
 
 Many discussions on the enforcement of law are based on the seminal paper 
Crime and Punishment: an Economic Approach, authored by Becker in 1968. Becker’s 
guiding question (1968:170) was ‘how many resources and how much punishment 
should be used to enforce different kinds of legislation?’ Becker saw crime deterrence as 
directly proportional to the expected penalty (actual penalty multiplied by the 
probability of detection and punishment) and believed that the optimal form of 
deterrence is to set fines as high as possible while reducing the level of costly 
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monitoring (Robinson et al., 2010). As explained by Malik (1990, pp. 341), it costs 
nothing to raise fines, but it is a costly endeavor to increase the likelihood of being fined 
due to the resources required for policing the laws.   
 
 Many of the works that deal with Becker’s economic approach to crime and 
punishment, however, cite the limitations of simply setting fines as high as possible. 
According to Robinson et al. (2010), issues such as the desirable marginal deterrence 
effect of capping fines at the level of an individual’s wealth (Stigler, 1970), high fines 
encouraging activities that reduce the probability of an individual being caught and 
fined (Malik, 1990; Lear and Maxwell, 1998), or even the possibility of greater bribe 
taking when higher fines are applied in a bribery-prone environment (Mookherjee and 
Png, 1995), lead to the view that the optimal level of enforcement is likely to require a 
relatively high probability of detection and relatively low fine. Despite the differing 
views on the level of fines for optimal law compliance, a large body of literature agrees 
on compliance being elicited mainly through enforcement, which encompasses the 
monitoring, detection, and punishment of infractions (Schwartz and Tullock, 1975; 




 There are a number of factors contributing to the non-compliance with forest-
related law.  They include 1) a flawed policy and legal framework, 2) low enforcement 
capacity, 3) lack of information about the forest resources and illegal operations, 4) 
corruption, and 5) the high demand for timber (Contreras-Hermosillas and Peter 2005). 
Robinson et al. (2010, pp. 28) also point to the slow pace of legal systems as a cause for 
noncompliance, explaining that costly and lengthy legal procedures culminate in few 
convictions, which in turn reduce the effectiveness of the law.  Moving one step further 
from the common belief that once an offender is discovered he will be sanctioned 
automatically, Polinsky and Shavell (2000) analyzed the effect of settlements in lieu of 
trial. They concede that settlements have the potential to dilute deterrence because of 
the expected dilution of the sanction, but argue that the state may be able to counter this 
by increasing the level of sanctions.  
 
 One of the central works focused on law enforcement applied to the 
management of forest resources was conducted by Clarke et al. (1993). The authors 
expanded on the foundations laid by Becker (1968) to discuss issues related to the 
‘optimal property rights enforcement’, as well as the central role of penalties and 
judicial system. They see a “conflict between the objectives of efficiency in forest 
25 
 
management and equity”, whereby setting fines at a high value may deter crime and 
provide signal for agents to behave well, but may subject the relatively disadvantageous 
sections of society to a disproportionately high level of punishment. Here they call for 
improved detection mechanisms, despite the increased costs associated with it, and the 
need to establish corruption-resistant judicial systems. With regard to conservation 
forests, the authors propose that because their loss may be associated with irreversible 
social costs and environmental losses, and because there are uncertainties associated 
with their conservation, conservation expenditures will be higher than optimal when 
seen from a mere deterministic analysis of the costs and benefits of conservation 
(Clarke et al. 1993:283)  
 
 Krott (2005) draws attention to the interplay between the formal and informal 
implementation of regulatory instruments to determine how target groups should behave 
to comply with a country’s forest policy. He recognizes that, contrary to what is 
generally thought, the enforcing state does not always have sufficient power to 
implement regulations. This lack of power arises because forestry enterprises have 
direct access to utilize their own forests, meaning that any transgression can only be 
determined and acted upon after the non-compliance has taken place. According to him, 
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a formal proceeding is not necessarily the best solution for compliance with regulation. 
Rather, there should also be space for some level of informal negotiation between the 
state and groups that oppose the proposed regulation, so as to facilitate a less costly 
compliance.  
 
 In Brazil imperfect forest law enforcement (Barreto and Brito, 2006) is 
associated with a historical propensity to informality. In his classical book on the 
formation of the Brazilian national character, Hollanda (1936) states that because 
Brazilian institutions were conceived in a unilateral and coercive form, without any sort 
of dialogue between rulers and followers, the law and order represented and promoted 
by these institutions were considered artificial by the political and economic elites of 
Brazil since Colonial times. Informality and kinship-like tendency of behavior as a form 
of opposition to laws could be seen not only among the elite, but also in the daily life, 
where it was common to ignore laws in favor of friendships. Laws did not have the 
same weight as the words of a “good friend”; besides, keeping laws and their respective 
punishments away was considered a show of good-will and trust, which deeply shaped 
lobbying and commerce relations. A saying of the colonial times said “to enemies, the 




 A growing change on the social acceptance of this informality started to be felt 
in Brazilian society by the first half of the 20th century. According to Borges (2006), 
during this modernization period, Brazilians, who were used to a social life based on 
informality and personal relations, suddenly became individuals, which meant that the 
social relation between them became gradually based on impartiality, based on the Rule 
of Law. This gradual change towards impartiality, however, has not fully occurred: often 
cases Brazilians believe it is acceptable to try to outsmart legislation whose 
implementation is often inadequate, particularly when these have been drafted by distant 
authorities. 
  
 Social regulations such as trust, the need for recognition within a group and 
moral beliefs are elements that may also influence compliance to laws (Ostrom 2005). 
In the context of the Amazon, such regulations and local controls of deforestation may 
be strong in some traditional communities, but in land settlements and colonies (which 
have progressively turned into municipalities), norms are still oriented towards the 
behavior of original colonists which are often oriented to a “forest clear-cut” based 
development mentality, not necessarily complying with forest conservation legislation 
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(Taravela and Satre, 2012).  
 
 Recently, externally introduced market-exclusion initiatives have added a new 
element towards environmental legislation compliance in Brazil (Branstrom et al., 2011), 
the most notable example being the so-called Soy Moratorium. The success of such 
initiatives in changing individual behavior toward compliance with the law lies, among 
other reasons, in the introduction of new elements that change the political economic 
processes of local stakeholders. 
  
 While acknowledging that the instrumental approach proposed by Becker to 
modify individual incentives in favor of compliance does not take into account non-
maximization of utility pursued by the individual (for example, the individual’s 
perception of the legitimacy and fairness of the rules), the present study will employ it 
due to its ability to “measure” institutional performance; a direct analysis on compliance 
and determinants focuses on individuals is problematic because rule breakers are 





The Environmental Function of a Property and Open Access 
 Since the 17th century, European liberal philosophers have reflected over the 
idea of individual property. Owing to such works, Foster and Bonilla (2011) point out 
that the classical liberal conception of private property that permeates the modern 
political and legal thought is based on property as “an individual right that is limited 
only by the right of others and the public interest. The holder of this right is therefore 
someone who can use, reap the benefits of, and dispose of his assets in a manner he 
deems appropriate, provided the limits imposed by the legal order and the common 
good are not violated” (2011:101). Bromley (1992:2) expands on this definition to 
include the figure of the guarantor of the property right, by defining property as “a 
benefit (or income) stream, and a property right is a claim to a benefit stream that some 
higher body – usually the state – will agree to protect through the assignment of duty to 
others who may covert, or somehow interfere with, the benefit stream.” Property is a 
triadic social relation involving benefit streams, right holders, and duty bearers 
(Hallowel 1943). 
 
 The classical liberal view of individual property has suffered many criticisms. 
As pointed out by Foster and Bonilla (2011), among the critics there are those who 
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emphasize that individual property can lead to unfair accumulation of wealth, and that it 
“obscures the obligations and connections of the individual with the community” 
(2011:102).  
 
 Based on these criticisms, French jurist Leon Duguit proposed in the early 20th 
century the concept of social function of the property, under which private properties 
have a social obligation to meet, that is, properties also have to serve the community 
where they are inserted. Far from embracing a socialist or communist view, this social 
obligation takes the form of the property being necessarily a productive property 
(Duguit, 1917). Duguit’s ideas have had a strong following particularly in Latin 
America, where many governments have taken the idea of social function of property in 
various forms in their legal systems; they form the legal backbone that allows for 
latifundia expropriation and promotion of agrarian reform (Mirow, 2011; Garcia, 2013). 
 
 In the Brazilian legal system, the social function of property also has an 
environmental function component. The Brazilian constitution in its article 186 clarifies 
the requirements that a property needs to fulfill to meet its social function: “the social 
function is fulfilled when a rural property meets, simultaneously, and under criteria and 
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standard levels established in law, the following requirements: I) rational and adequate 
use; II) adequate use of available natural resources and preservation of the environment 
(emphasis added); III) compliance with provisions that regulate labor relations; IV) 
economic exploitation that benefits the well-being of owners and workers” (Brasil 
1994). 
 
 In addition to the constitution, Law 12651/2012 (the so-called Forest Law) also 
sets through the Legal Reserve limitation the area of a property that has to be set aside 
for environmental protection; in the Amazon biome, this area is 80% of the total area of 
the property. In its article 2, the same law establishes that while forests are goods of 
public interest to all inhabitants of Brazil, the limitation of the use of such forests in 
private properties in no way offsets the right to property, but rather qualifies it. Authors 
such as Douglass (1980) and Simm (2011) point out that the term public interest and 
common good have much in common, and indeed it seems here that what the legislator 
had in mind was the establishment of a public good-like area within the private property. 
As such, Legal Reserves are internal limits in the property, transmitted with the land 




 Although the Legal Reserve is a private forest in a private rural property, its 
functions are of a public good. According to Samuelson (1954), public goods have the 
characteristics of being non-excludable and non-rivalrous. Indeed, the environmental 
benefits brought by Legal Reserves affect all inhabitants in Brazil; it is not possible to 
exclude some people from benefiting from their ecological services, and the use of such 
benefits by some individuals does not diminish other people’s use.  
 
 As the ultimate guarantor of private rights and the limitations by which land 
proprietors may use their land, the state has to ensure that proprietors register the area of 
Legal Reserve in their property in the record sheet (matrícula) at the local Land 
Registry Office (Cartório de Registro de Imóveis), and that they do not convert the 
original forest cover to other uses.  
 
 On the relation between property rights and forest resource management, 
Meinzen-Dick and Knox (1999) propose that property rights offer incentives for good 
management because they provide confidence to the holder that he will reap future 
benefits or bear losses depending on the quality of the management of the forest. 
Additionally, property rights gives necessary authorization and control over the 
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resources. This would indicate an adequate level of management and protection of 
private properties in Brazil. In reality, however, many Legal Reserves in the Amazon are 
more similar to an open access common good (common pool resource) with the 
proprietor as the only agent with access and withdrawal rights to the resource (Schlager 
and Ostrom, 1992).  
 
 What is worse, often the land proprietor concludes that the conversion of the 
forest into a different land-use brings faster and more immediate financial gains, in the 
form of pasture land for cattle. In the words of Bromley (1992:13), “open access results 
from the absence –or breakdown- of an authority system whose very purpose was to 
assure compliance with a set of behavioral conditions with respect to the natural 
resource. Valuable natural resources that are available to the first party to effect capture 








CHAPTER 2  





2.1 Occupation of the Brazilian Amazon from the 1950s 
 The signature of the 1909 Rio de Janeiro Treaty between Brazil and Peru settled 
the last source of territorial conflicts Brazil had faced in its 400 years, giving shape to 
the modern territorial configuration of Brazil. With the growing importance of rubber 
production from the second half of the 19th century into the first half the 20th century, 
the Brazilian government used a mixture of military and diplomatic means to expand its 
territory into lands in dispute with Colombia, Bolivia and Peru (Magnoli, 2005).  
  
 The rubber boom caused a migration/colonization process in the Amazon region, 
bringing in mostly Brazilian Northeasterners who settled in latex extraction rubber 
plantations located in the basins of the rivers Madeira, Mamoré and Guaporé, Purus and 
part of Solimões (Costa, 2009). While the rubber boom also transformed the capital city 
of Manaus into one of the most urbanized and advanced cities in the Amazon and in 
Brazil, it did not bring about a deep integration with the coastal areas where most of the 
population lived. With the rise of the highly competitive British rubber industry in Asia 
at the turn of the century, the economy and population of the Amazon region dwindle 
considerably (Benchimol, 19992; Furtado, 2001) and only after WW2 would the region 





 Already by the end of WW2, growing developmentalism, nationalism, and 
national security concerns about the fact that the Amazon and Central Brazil were vast 
and largely “unpopulated” regions led the government to take increasing and more 
concrete steps to effectively occupy these areas. Such steps included: the “March 
towards the West”, which involved establishing initial contact with completely isolated 
indigenous groups, opening of airstrips and setting up communications infrastructure for 
future occupation; institutional arrangements, such as the inclusion of a provision in the 
newly enacted Constitution of 1946 that called the National Government to annually 
invest 3% or more of its revenue on the development of the region for at least 20 years, 
or the establishment in 1953 of the Amazon Economic Valorization Plan 
Superintendence (based on the American Tennessee Valley Authority)  to promote 
agriculture and cattle ranching in the region; and a plan to move the capital city of the 
country from the coastal city of Rio de Janeiro to a city in the centre of the Brazilian 
territory, which came into reality with the founding of Brasilia in 1960.  
  
 From 1965 until the mid 1980s, the Brazilian military government further 
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strengthened its efforts to develop the region and integrate it to the rest of the country. It 
created in 1966 the development agency for the Amazon SUDAM-Superintendência do 
Desenvolvimento da Amazônia and defined the so-called Brazilian Legal Amazon 
(hereafter after BLA) as a socio-geographic division encompassing all the nine states of 
the North Region (Acre, Amapá, Amazonas, Pará, Rondônia, Roraima and Tocantins), 
Mato Grosso in the Center-West Region and most of Maranhão in the Northeast Region 
(Figure 2.1). It also implemented various large scale physical infrastructure and human 
occupation1 projects, such as National Integration Program of 1970, the Poloamazonia 
Program of 1974, the Grande Carajas Progam of 1983, and Polonoroeste Program of 
1986.  
1 Of course the region was already inhabited by many indigenous groups, but according to the dominant 
thought of the time it was necessary to fill the “population void” by bringing into the region Brazilians 
that were already part of the dominant white culture. 
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Figure 2.1 – Brazilian Legal Amazon States 
Source: adapted from IBGE  (2005) 
 
 To achieve the objective of promotion of economic activities as proposed in the 
programs, the government invested heavily on the construction of telecommunication 
network based on satellites, on construction of electrical grid based on hydroelectric 
power generation, and on the construction of transportation network heavily reliant on 
roads that cut through the forest, the most well-known example being the Transamazon 
highway. It also provided fiscal incentives and created legal mechanisms for land 
transfer to large scales producers and companies to promote their activities, commonly 
cattle ranching and agriculture. (Hecht and Cockburn, 1989; Kohlhepp, 2002; Becker, 
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2005; Loureiro e Pinto, 2005; Prates, 2008). 
  
 To promote the occupation/colonization of large areas in the region, the 
government also stimulated the arrival of more capitalized famers from the more 
developed South region and landless famers from the poorer Northeast region. Ferreia 
and Salati (2005) affirm that between 1970 and 1974, INCRA was responsible for the 
sending as many as 400 thousand settlers in the region, and Barreto et al. (2008), 
indicate that colonization effort pushed forth by the government led to as much as 200 
thousand km2 of the Amazon being used for official colonization purposes. Lack of a 
strict control on land ownership, or even policies by the government that ended up 
condoning illegal land occupation also resulted in an increasing flow of settlers arriving 
in the region. During this process, the government enacted decrees that “regularized 
rural properties as large as 60 thousand hectares that had been acquired illegally, but on 
good will” (Loureiro and Pinto, 2005).  
  
 Various authors point out that from the beginning of the 1980’s economic 
difficulties faced by the Brazilian government in the aftermath of the second Oil Crisis, 
as well as the growing demand for beef and soy beans produced in the expanding 
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agricultural frontier in south and eastern Amazon led to a dramatic shift in the 
occupation process of the Amazon; after the initial catalysis provided by the federal 
government, which allowed road access, offered financial resources and stimulated an 
intense migratory influx, the occupation process became self sustained, following a 
market logic based on the prices of beef and soy beans (Andersen, 1996; Margulis, 
2003; Kaimowitz et al., 2004; Nepstad et at., 2006; Arima et al., 2007).  
 
2.2 Land tittles situation in the Brazilian Amazon 
 Brandão and Filho (2008) propose that land occupation and management can be 
analyzed mainly under 3 aspects, namely the legal (who owns what land), the physical 
(location and area of the land), and economic one (how the land is used). While an 
efficient method of land management interconnects the registry, tax, and cadastre 
systems, only a handful of countries have a completely connected land management 
system. In the majority of countries, including Brazil, it is common that when any of the 
systems do exist, they are managed by different institutions, which hinders connection. 
Oftentimes the cadastre system does not exist, or it is mistaken by the tax registry, and 





 Historically, the enactment of the Land Statute in 1850, marked the first time 
Brazil attempted to establish the procedures by which land ceded by the Portuguese 
(and latter Brazilian) Crown and land occupied without any title were to be transformed 
into properties (Reydon et al., 2006). The statute distinguished public and private lands, 
legitimized ownership through occupation, and required all private lands to be 
registered in the newly established land registry/cadastre, which was operationally 
managed by the local parishes. However, the statute and subsequent decrees never 
regulated the way in which properties were to be described. The merely declaratory 
nature of the physical description of the properties, as well as the lack of mechanisms to 
effectively verify the accuracy of the location and boundaries of the properties described 
by landowners, are the roots of many of the grave problems Brazil would face 
afterwards, including land grabbing and land concentration (Barreto et al., 2008).  
 
 From 1864 onwards, various institutions were enacted to manage land titles 
registered by local parishes into a more comprehensive system. In 1917, the land 
registry system, now known as Land Registry, became a public institution. Its main 
function was the registration of real estates’ ownership rights, which were guaranteed by 
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the registration of the public deed. The administration of the Land Registry, although a 
public service, was assigned to private local Land Registry Offices, who then performed 
the notary and registry services that guaranteed publicity, authenticity, certainty and 
effectiveness of the legal act of registration. Since 1850, however, the neglect in regard 
to the proper description of boundaries and location persisted (Reydon et al., 2006). 
 
 Presently, the law that governs land registration in Brazil is the so-called Law of 
Public Registries of 1973 (Law N. 6015). This law introduced the term matrícula 
(record sheet), a uniquely numbered document which records all facts related to a 
landholding, such as the chain of title and the physical characteristics of the landholding. 
 
 Despite the improvements in the management of land titles, these were spread 
along the various local Land Registry Offices. In the first attempt to have a better 
understanding of landholding situation in Brazil in more than a century, the federal 
government created a new cadastre, the Rural Estates Cadastre (English for Cadastro de 
Imóveis Rurais) in 1964 through Law N. 4504. In order to enforce registration in this 
cadastre, the certification of registration in the cadastre, the so-called CCIR 
(abbreviation in Portuguese of Rural Estates Cadastre Certificate) became an essential 
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document for all types of transactions involving the rural land. 
 
 The registration in the cadastre resulted in 3.2 million properties registered in 
Brazil, in a total area of 307 million hectares. The information registered was declared 
by the landholder, with no confirmation of accuracy, and no effective confirmation with 
the various Land Registry offices. INCRA, the National Institute for Colonization and 
Agrarian Reform created in 1970, was the official institution responsible for the 
management of the cadastre--now under the name of Rural Cadastre National System-
SNCR (English for Sistema Nacional de Cadastro Rural)--as well as for the subsequent 
cadastre renewal campaigns (Barreto et al., 2008).   
 
 The lack of mechanisms to confirm the physical characteristics of the rural 
landholdings registered in SNCR led to a murky land landholding situation in Brazil, 
particularly in the Amazon. In an environment where the government promoted the 
occupation and development of the region but faced various legislation enforcement 
challenges due to, among other things, the sheer size of the region, the absence of a land 
cadastre system resulted in grave problems of land grabbing. In Portuguese, the term 
“grilagem” refers to the falsifying of land titles by creating fake land titles and placing 
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them in containers with crickets (in Portuguese, grilo), in order to give title the 
appearance of an old document; as the crickets eat the paper and excrement in the 
container, the paper gains a yellowish tone and some holes. Because the description of 
the rural property was declaratory, such false documents could be used to claim public 
or even private lands. In this regard, Barreto et al. (2008) show a very alarming picture 
in 2001; 43% of the area of the Brazilian Amazon was officially protected in the form of 
indigenous lands and conservation units, 4% of private lands with land registration 
validated by INCRA, 21% supposedly public but outside officially protected areas, and 
32% supposedly private without land registration validation (emphasis added).  
 
 In order to regain control of the land situation in Brazil, the government finally 
took steps to towards the creation of a reliable land cadastre. With the enactment of Law 
10267/2001 in August 2001, the article dealing with registration of private properties in 
the Law of Public Registries was altered, creating the obligation of adding 
georeferenced information of properties on their respective record sheet in order for any 
private landholding transaction to be valid. Because the clarification of actual location 
and size of rural properties is directly related to the implementation of Forest Law, the 
impacts of the implementation of this georeferenced cadastre on deforestation will be 
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the focus of detailed analysis in later in this work (Chapter 5). 
 
2.3 Forest conservation legislation2 
 
 Although the first Brazilian Forest Code was established in 1934 through 
Federal Decree N.23793, Hirakuri (2003:15) points out that the bulk of current forestry 
legislation is based on the Brazilian Forest Code of 1965. Already then, there was a 
widespread acknowledgment that the limits of protected areas in the Forest Code of 
1934 were seldom obeyed, and that agricultural development continued in a rather 
lawless environment. Moreover, as then Minister of Agriculture A.M.Filho pointed out, 
the need to protect a minimal percentage of each biome to guarantee their ecosystem 
services was acknowledged, but the government was aware that much of the land in the 
biomes was private, and the Public Authorities had no political will and/or capacity to 
make land expropriation to create public protected areas in those areas.  
  
 The new Forest Code of 1965 thus introduced two types of protected areas 
within private lands: the Legal Reserve (LR), and the Areas of Permanent Protection 
2 A comprehensive list of all the legislation and regulations referenced to in the present research is 
available in Appendix 1 
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(APP). The LR is defined as an area in rural land that is necessary for the sustainable 
use of natural resources, for the conservation and rehabilitation of ecological processes, 
for the conservation of biodiversity and for housing and protecting the native fauna and 
flora. In the Brazilian Legal Amazon, such areas were equivalent to 50% of the property 
area, while in the remainder of the country it was set at 20%. APPs are areas covered by 
native or non-native vegetation, and their function is the protection of water resources, 
the landscape, geological stability, biodiversity, the genetic flux of fauna and flora, soil 
protection, as well as guaranteeing the well-being of human populations. Such areas are 
set along rivers or streams (vegetation between 30m and 500m, depending on the width 
of the stream), tops of mountains, on the slopes of hills with more than 45% of 
inclination, and at elevations higher than 1800m. In principle, rural properties would 
first have to guarantee the protection of APP and LR before any economic activity could 
start. However, very much like the law it substituted, the Forest Code of 1965 was a 
standalone law that lacked other measures or policies to make it effective. 
  
 Following the aftermath of the UN Conference on the Environment and 
Development in 1992 and strong international pressure due to the historically highest 
deforestation rate of the Amazon, the government passed in 1996 a Provisory Act that 
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increased the percentage of Legal Reserve in the Amazon to 80%. This meant that even 
settlers who had kept deforestation of their lands within the 50% condition entered a 
state of illegality, although the government did not set deadlines for compliance to this 
new percentage. 
  
 Despite a drop from its historical peak, deforestation rates remained high, 
showing a particularly steep increase between 2001 and 2004. A coordinated effort 
between the various layers of public authority in Brazil brought deforestation in 2007 
close to the lowest rates since radar monitoring started in 1989, but in 2008 
deforestation bounced back up. In July 2008 Decree 6514, which regulated Law N. 
9605 (the so-called Environmental Crimes Law), was signed by the Executive. This 
decree inter alia, set a deadline for all land owners to properly register their Legal 
Reserves. This deadline was 180 days after the signature of the decree (December 2008), 
and landowners could be penalized with fines from R$50 to R$50 million in case of 
non-compliance, as well as daily fines in the same range. In the same manner, the 
decree regulated punishment for illegal occupation of APP zones. 
  
 Registering a Legal Reserve is, however, a long and expensive process. Also, for 
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farms or plots where Legal Reserve areas were used for agriculture, it was necessary to 
provide ‘environmental compensation’ by buying land with original forest cover in 
other areas to be used as part of the Legal Reserve; such costs could be prohibitive for 
smaller landowners. In the case of APP, the legislation did not allow for environmental 
compensation, so all agricultural activities in floodplains or hilly areas had to be 
stopped and the original forest cover restored; this would have a deep impact in many 
regions where agriculture is highly developed. Spavorek et al., (2012) calculated the LR 
and APP areas necessary to be protected according to the 1965 Forest Code as 235 
million ha and 100 million ha respectively. These factors led to an unprecedented 
movement in the Brazilian Congress that unified large land owners and small farmers 
against the law, creating strong pressure for amending the environmental decree or the 
Forest Code. Various postponements in enforcement of regulations were made but after 
intense discussions, the President ratified on May 25th 2012 the new Forest Code under 
Law n. 12.651. 
  
 It is worth noticing the contradictory nature of the policies implemented by the 
government to guarantee economic development and forest conservation in the Amazon. 
At the same time that it required farmers/settlers to protect 50 to 80% of the original 
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forest cover of their properties, it also expected them to deforest at least half of the area 
of the plots given by INCRA for colonization as proof of land occupation and 
development; forest clearing and the extensive cattle ranching that often followed were 
often enough elements to make settler eligible to receive the so-called termo de posse, 
provisory land titles awarded by INCRA that guaranteed a certain level of ownership of 
the occupied land (Brasil, 2011). Often cases, settlers who cleared up all of their plots 
received additional plots in the same size of the original plot, further weakening the 
effectiveness of the Forest Code.  
 
2.4 Mato Grosso state within the Brazilian Amazon 
 Mato Grosso’s occupation and development are closely associated with the 
federal government occupation strategy for the Amazon region from the 1950s onwards, 
comprised of mainly three components: a geopolitical component, based on the 
distribution of land to guarantee “land occupation”; an economic component based on 
the development of an economy based on the production of agricultural products and its 
integration to other markets in the country; finally, a social component, whereby a 
“population excess” in the South, Southeast and Northeast regions could be settled in 
the Mato Grosso . 
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 Cavalcante and Fernandes (2006) explain in detail how SUDECO, the Central-
West Region Development Agency, took a central role in this process. It implemented in 
1970 an integrated program of road building, official and private colonization projects, 
rural schools and health centers, and how many cities grew along these newly opened 
roads due to the government decision to allocate all areas within 100 km of the federal 
roads for expropriation for land reform. The modern municipalities (Figure 2.2) of 
Lucas do Rio Verde (280), Peixoto de Azevedo (306), and Guarantã do Norte (265) 
were created as a direct consequence of official colonization projects, while Nova 
Mutum (295), Sorriso (343), Alta Floresta (220) and Colíder (249) originated from 
private colonization enterprises. (Alves Junior, 2003; Sanches, 1992). In 1974 and 1975, 
SUDECO also implemented plans to develop the economy in the state, be they in the 
form of market expansion and production of export oriented grains in the peripheral 
municipalities of Aripuanã (231), Cáceres (237)  and Rondonópolis (331) (Moreno, 




Figure 2.2-  Municipalities3 in Mato Grosso   
Source: arranged by author based on IBGE (2005) 
 
 In the 1980s, two overlapping processes led to the present high land 
concentration found in the state. The first was the increase in mechanized production of 
soy beans and bovine herd in farms of highly capitalized settlers from the South Region 
of Brazil, who were able to gain ever higher profits and buy lands from other settlers. 
Given that these settlers had strong political influence in the state, institutional and 
legal-political mechanisms that promoted the concentration of private property in the 
hands of large farmers and business groups were created and enforced (Moreno, 1993). 
The other process was the combination of poor infrastructure, lack of technical support, 
3 Refer to Appendix 2 for list municipalities 
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and insufficiency or total lack of rural credit for small scale agricultural production in 
the settlements occupied by less capitalized settlers (Cavalcante and Santos, 2006). 
  
 In the occupation and economic development process in Mato Grosso, forest 
conversion to pasture lands and agricultural fields occurred intensely and mostly outside 
the control of government agencies responsible for forest conservation. Satellite 
deforestation monitoring only started in 1989, but already then Mato Grosso ranked first 
among all states in BAL. The next session will review the deforestation dynamics in the 
Amazon region as a whole and in Mato Grosso state. 
 
2.5 Deforestation in the Brazilian Amazon and in Mato Grosso 
 As much as 700 thousand km2 of the Amazon forest was has been lost due to 
deforestation (INPE, 2013). The spatial pattern of deforestation is commonly known as 
“deforestation arc”, extending along the forest’s eastern and southern borders, as shown 




Figure 2.3 – Accumulated deforestation in Amazon biome of BLA until 2011 
Source: adapted from IPAM(2012) 
 
 The extensive body of literature on the causes of deforestation in the Brazilian  
Amazon can be roughly grouped into three overlapping categories. The first group 
generally applies remote sensing, geographic information systems and econometric 
models to statistically map the weight of each type of land use in the process that led to 
deforestation, focusing on the proximate causes of deforestation. Reis (1996) created a 
model to explain the interactions between deforestation, agricultural and cattle ranching 
occupation, urbanization, and industrialization. According to this model, agriculture and 
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cattle ranching are the greatest proximate causes for deforestation. A similar conclusion 
is presented in the works of Fearnside (2005), Neptstad et al. (2009), Rivero et al. 
(2009), and Baruna et al. (2010),  to name but a few. According to Geist and Lambin 
(2002), direct causes of deforestation are associated with land use and affect directly the 
environment and vegetation cover, and can be divided into three types: the expansion of 
pasture lands and agricultural areas, wood extraction, and infrastructure expansion. 
Among the studies in this group, Nepstad et al. (2006), Laurence et al. (2009), Soares-
Filho et al. (2010) an others pointed out the spatial determinants of deforestation, such 
as the impact of roads and cities on deforestation, as well as the role played by the 
presence of protected areas as a barrier against deforestation.  
 
 A second group of research extends the deforestation analysis by focusing on the 
economic determinants. Authors such as Browder (1988), Mahar (1989) and Fearnside 
(2008) suggest that federal subsidies to agriculture are directly linked to deforestation, 
and a reassessment of this subsidy policy is called for. Another group of research 
focused on the profitability of cattle ranching as a central drive for deforestation. For the 
period between 1980 and 1995, Ferraz (2001) performed multiple regressions to explain 
the conversion of forest into agriculture and cattle ranching areas, using the extension of 
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paved and non-paved roads, agricultural credit, input prices and production value as the 
variables. According to the author, the expansion of cattle ranching is mainly due to the 
expansion of the road network in the Amazon. Both Margulis (2003) and Barreto et al. 
(2008) showed how cattle farming was responsible for as much as 80% of total 
deforestation. The former stressed how the profitability of cattle ranching activities was 
the main factor behind the conversion of forest lands into pastures by medium and large 
scale cattle ranching agents from 1990s onwards, while the latter suggested that 78.3% 
of the Amazon deforestation variation between 1995 and 2007 was due to cattle and soy 
prices. Looking for reasons behind the increase in cattle herd size in the Amazon despite 
the supposedly marginal profitability of cattle ranching in the Amazon proposed by 
Mattos and Uhl (1994), Bowman et al. (2012) conducted an economic analysis which 
took the effects of land grabbing on the profitability of cattle ranching into account. She 
concluded, echoing Margulis (2003), that land speculation is an important driver of 
extensive ranching profitability, and therefore of deforestation.  
  
 A third group of research uses elements of institutional theory to study broader 
social factors behind deforestation, mostly focusing on governmental institutions 
enforcement capabilities and contradictory policies for the Amazon. Becker (1990) 
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describes in detail how the government, which took a more central role in the 
occupation and development of the Amazon from the 1960s to the mid 1980s, relied on 
large scale cattle ranching as a key element in its strategy for the region. In addition to 
being an economic activity, cattle farming also guaranteed land ownership in an 
environment of weak land tenure institutions. Margulis (2003, pp. 23) pointed out that 
the only assurance of property rights was to physically occupy the land and that this 
even trumped any document proving ownership, at least in the beginning stage. 
According to Alston et al. (1996), Campari (2005) and Oliveira (2008) lack of secure 
property rights is one of the main factors behind deforestation. The promotion of 
settlements was another element in the government strategy for the Amazon; the total 
area made available for settlements in the Amazon was 200,000 km2 (Barreto et al., 
2006), but land grabbing was spawned out of the interactions between colonists and 
small and large farmers, leading to land concentration patterns that are common to other 
regions of Brazil (Almeida 1992; McCracken et al., 1998). This land concentration 
seems to be an indicator of the role played by large farmers in the deforestation of the 
Amazon. Fearnside (1993) and Neptstad et al. (1999), in particular, affirm that as much 
as 70%-75% of the deforestation is caused by large cattle ranchers. Finally, other studies 
have indicated that the high rates of deforestation in the Amazon are related to the 
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government inefficiency and high level of corruption by governmental agencies 
responsible for law enforcement (Brito and Barreto, 2006; Chomitz and Wertz-
Kanounnikoff, 2005; Chomtiz, 2007; Nepstad et al., 2009). 
 
 In addition to the role of cattle ranching expansion, the role of soy beans 
expansion towards deforestation is particularly important in Mato Grosso state, which 
ranks first in soy beans production in Brazil (Bertrand et al., 2005) and answers for as 
much as 8% of global production. Bertrand and Pasquis (2004) show that while in the 
late 1970s the production of soy beans in Brazil was concentrated in the states of the 
South Region, by the early 1990s soy production in Mato Grosso could already be 
observed in forested areas, expanding from the initial plantation areas in the Cerrado 
biome of the state. Bertrand et al. (2005) characterize the soy production in the state as 
an industry with few actors with great economic clout: they are generally large (> 10000 
ha) and medium size producers (5000 to 3000 ha) in the form of multinationals or 
national business groups, highly capitalized and who practices highly mechanized 
agriculture. In addition to bioengineering improvements in the soy that allowed for its 
production in soil and climatic conditions not generally suitable for the culture, public 
rural credit was essential for the establishment of the industry in the state in the initial 
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stages in the 1980s (Gasques et al, 2004), followed by a more central presence of 
private rural credit from the mid 1990s --with the stabilization of the Brazilian economy 
under the Real Plan-- until the present (Bertrand, 2005).  Borona et al. (2010) found 
support for the hypothesis of displacement forestation, that is, an increase of soy 
production in Mato Grosso displaced pasture further north between 2000 and 2006, 
leading to deforestation elsewhere.   
  
 A seminal work from Macedo et al. (2012) suggests, however, that from the 
second part of the 2000s onwards, a decoupling of deforestation and soy production in 
Mato Grosso occurred. According to the authors, increased yields and stronger 
enforcement of legislation by the government have caused soy expansion to occur not at 
the expense of forested areas in the state, but on previously cleared areas and on 
underutilized pasture lands. They found little evidence suggesting leakage of soy 
expansion into the cerrado biome, but concede that such leakage or indirect land-use 







 Amid efforts to design and implement a new development strategy for the 
Amazon, the May 2003 meeting for the launch of the 4-year plan Brazil for All resulted 
in two plans. The first one, PAS-Plano Amazônia Sustentável (Sustainable Amazon 
Plan), was first crafted in October 2003 and officially launched in 2008 after several 
public consultations. PAS sets out directives, strategies and recommendations on 4 main 
axes, namely: 1) land planning and environmental management, 2) sustainable 
production with innovation and competitiveness, 3) infrastructure for sustainable 
development, and 4) social inclusion and citizenship. PAS presents itself as a guide for 
the actions government and society need to take in order to create conditions for 
sustainable development, serving as the framework for the operational document Action 
Plan for Prevention and Control of Deforestation in the Amazon – PPCDAM. Put in 
practice in April 2004, the structure of the PPCDAM is similar to PAS, and the focus is 
on 1) territorial and land title organization, 2) environmental management and control, 
and 3) the promotion of sustainable production.  
 
 Activities related to environmental management and control included the 
following: 1) the improvement of deforestation monitoring systems, 2) the 
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strengthening of environmental crimes investigation, 3) setting up operational bases in 
priority areas, 4) the integration of monitoring and control activities, 5) setting up 
educational, communication, and social campaigns, 6) the implementation of common 
database systems for environmental licensing of rural properties, and 7) a review of 
environmental licensing guidelines. According to an external assessment report, it is the 
monitoring and control actions of the Brazilian Environmental Agency IBAMA in 
partnership with other institutions which have contributed the most towards the steep 
decrease in deforestation rates in the 3 years immediately following the implementation 
of the plan, due in great measure to the reversal of a situation where the “absence of the 
State” was normal (MMA, 2013).  
 
 In addition to better coordination between IBAMA and other governmental 
bodies, the effectiveness of control and monitoring actions was closely related to 
increased and better allocated human and financial resources to IBAMA, the 
development of a fast-track satellite monitoring system that allows for real time 
detection of deforestation activities larger than 0.25km2 (DETER system), anti-
corruption efforts that resulted in the arrest of more than 600 public servants, and the 
suspension of as many as 60,000 land titles (MMA 2013). Assunção et al. (2012) also 
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point out that, parallel to the implementation of command and control efforts of 
PPCDAm, the first decade of the 2000s saw an increase in areas officially protected in 
the Amazon, a result of the institution of the National System of Nature’s Conservation 
Units in July 2000. 
 
 Despite the decrease in deforestation which was noted after the implementation 
of the plan, there was a rebound in 2008. Studies on the reason for this are scarce, but 
we assume that it can be attributed to an expectation of a relaxation of the Forest Code 
law of 1965. At any rate, the rebound caused the government to further strengthen its 
efforts. A list with priority municipalities that faced even stronger monitoring and 
control measures was published, states in the Amazon created and implemented 
deforestation control plans, new environmental legislation was enacted, deforestation 
rate targets were published, official and private rural credit was denied to owners whose 
land titles and protected areas (LR and APP) did not conform with legislation, and 
embargoes were placed on areas with illegal deforestation.  
 
 The above mentioned strengthening of monitoring and control measures 
suggests an improvement in the ability to detect infractions, and consequently issue 
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more fines. However, as will be shown later, only a small increase occurred, and this 











 In an external assessment of PPCDAM requested by the Brazilian government, 
it was suggested that actions implemented within the scope of strengthening of 
monitoring and command and control of deforestation activities were the most relevant 
for the decrease in deforestation experienced in the BLA since 2005, particularly in the 
first 4 years of the implementation of the program. Better land management, which 
mostly took the form of creation of protected areas, was also considered an important 
element toward deforestation slow down, although to a lesser extent. 
 
 In regard to monitoring of deforestation, the implementation of the real time 
deforestation and forest fire DETER monitoring system is a groundbreaking 
technological advance, as it allowed government to spot, dependant on cloud cover, 
sources of heat (an indication of forest fire) and deforestation areas larger than 25 ha; 
with this information in hand, various government bodies could better coordinate efforts 
to assign responsibilities for illegal deforestation and reportedly prevent deforestation 
from happening (Assunção et al., 2012). 
 
 Concerning command and control activities, fines are acknowledged to be one 
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of the most common forms of sanctions in the legal system of western countries. In this 
chapter we will evaluate the extent to which such law abiding behavior inductor has 
impacted deforestation after the implementation of PPCDAM. Becker’s law 
enforcement theory posits that the most efficient way for authorities to deter criminal 
behavior is to increase the value of fines as opposed to the likelihood of fine application, 
as the latter involves costly monitoring. In this sense, we are interested in seeing the 
extent to which deforestation decrease can be explained by higher fines or by more fines. 
To do so, we will rely on statistical analysis techniques such as regressions on various 
data sets, as it will be explained in later sections.  
 
 As such, Section 3.2 will briefly introduce the Brazilian national environmental 
policy and the role of IBAMA as its implementer. Section 3.3 will introduce the mail 
legislation changes concerning the application of fines for forest related infractions. 
Next in Section 3.4 we will introduce the various data sets used for the regression 






3.2 IBAMA as the implementer of the National Environmental Policy 
 The establishment of the Brazilian National Environmental Policy can be traced 
back to the late 1970s as a direct consequence of the second oil crisis. In the aftermath 
of the crisis, Brazil’s economy went into great turmoil, and dependence from foreign 
financing became more acute. Infrastructure projects financed by the IDB, World Bank 
and similar organizations had to comply with international environmental policies, 
which were being attached to financing as a follow up to the UN Conference on Human 
Environment of 1972. As a means to receive the necessary funding for projects, Brazil 
enacted in August 1981 its Environmental National Policy through Law 6938/81. The 
said law introduced the policy’s objectives and mechanisms, and created the SISAMA 
(National Environment System), a grouping of environmental bodies and institutions 
from the federal, state and municipal levels, whose main objective was to enforce 
environmental principles set forth in the Constitution, as well as in the various 
environmental legislations. 
 
 Regarding the implementation of the National Environmental Policy, it had been 
dispersed between various federal bodies in different ministries--with often cases 
conflicting views of economic development and environmental protection and/or 
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sustainability--, until 1989, when Law 7735 created IBAMA as the sole implementer of 
the policy. IBAMA was created as the amalgamation of the Special Secretary of the 
Environment-SEMA (previously part of the Interior Ministry), the Brazilian Forest 
Development Institute-IBDF, the Fishing Superintendence-SUDEPE (both previously 
part of the Ministry of Agriculture), and Rubber Superintendence-SUDHEVEA 
(previously part of the Industry and Commerce Ministry). 
 
 Until 2007, IBAMA was the main government arm responsible for forest 
management and illegal deforestation control in the Amazon. With the enactment of 
Law 11516/2007, which created the ICM-Instituto Chico Mendes as the main 
implementer of the federal government protected areas policy, the Chico Mendes 
Institute and state-level agencies also became responsible for some of the 
responsibilities of IBAMA, namely the issuing of permits for logging and deforestation, 
as well as deforestation monitoring and the issuing of fines.  
 
 The Brazilian Constitution allows environmental damage to be held accountable 
at criminal, civil, and administrative levels. Civil liability is applied regardless of the 
demonstration of guilt. Offenders are obliged to restore the affected areas, or to pay an 
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indemnity in the event that is deemed impossible to recover the area. Criminal liability 
occurs when there are violations of penal norms concerning the environment. Only the 
Prosecutorial Office can initiate criminal actions against offenders. State and federal 
environmental agencies, i.e. IBAMA, are responsible for the imposition of 
administrative penalties set under the Law of Environmental Crimes. 
 
 An important element in promoting forest law enforcement capacity was the 
strengthening of IBAMA, often seen as an under-resourced agency. In June 2004, 
through Ordinance n.144, the Ministry of Planning, Budget and Management allowed 
public exams for hiring 610 staff to IBAMA, the first time since the establishment of 
IBAMA. As pointed out by an IBAMA staff, it was only at this time that IBAMA gained 
better expertise in critical areas related to forest management, such as GIS proficient 
staff4. On the other hand, the creation of Chico Mendes Institute also led to many 
IBAMA staff being transferred to the new institution, which might have negatively 
impacted IBAMA’s activities. 
 
 During an eleven year period from 2002 to 2011, there was an annual increase in 
4 Renata Teures (IBAMA-MT Georeferencing Unit), interview on November 3rd 2014  
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the IBAMA budget, except for a significant drop in 2008 (Table 3.1), to which we 
associate with the transfer of resources to the newly created Chico Mendes Institute. 
When looking at the budget allocation, we see that despite a substantial increase in the 
budget allocated to administrative support (which could indicate the payment of salaries 
to additional staff), the budget allocated to forest related actions did not change 
significantly. Lack of data prior to 2005 restricts a more robust analysis, but it is worth 
noticing that the correlation coefficient between deforestation and budget execution of 
forest related actions is -0.2659 in the period between 2005 and 2011. While a more 
thorough analysis on the budget and human resources allocation is necessary, we 
assume that both had a positive impact on IBAMA’s ability to combat illegal 
deforestation.  











2002 549.8 578.2 N/A N/A N/A 
2003 569.7 603.8 N/A N/A N/A 
2004 570.1 796.2 N/A N/A N/A 
2005 829.7 798.9 144.2 97.7 24.6 
2006 840.3 978.3 136.8 104.9 28.5 
2007 1,094.6 1,061.3 676 95 270.5 
2008 759.2 838.2 494.4 61.6 266.7 
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2009 984.4 984.4 537.1 94.1 318.6 
2010 987.7 1,088.4 613.6 112 362.7 
2011 1,072.8 1,120.7 649.9 104.8 365.9 
* There is great discrepancy between data from Ministerio do Planejamento and IBAMA for 2005 and 2006, when the data from 
Miniterio do Planejamento (shown) is about 3 times higher than IBAMA’s . ** We considered as part of Forest Related Actions the 
following programs (translated from Portuguese by the author): Protected Areas of Brazil; Sustainable Amazon; Forest Fires and 
Deforestation Prevention –Florescer; National Forests; Recovery, Sustainable Use and Conservation of Biodiversity; Environmental 
Policy Management; Traditional Communities. 
Source: MP (2013) and IBAMA (2014), adapted by author 
 
 In addition to increasing resources, other factors have played significant roles in 
IBAMA’s ability to counter deforestation. The ability to collect fines is one of them. 
Figure 3.1 presents the fine issuance and collection process. Upon detecting an 
environmental infraction and identifying the offender, IBAMA’s Inspection Division 
issues a notice of infraction stating which laws were violated, the extent of the damage, 
and the monetary value of the fine. This notice of infraction is then sent to the IBAMA 
Executive Management Bureau of the state where the infraction took place, where 
consideration is given to any aggravating or attenuating circumstances and the value of 
the fine if necessary; it is then homologated and sent to the offender. Depending on the 
value of the fine, the accused can appeal in as many as four instances, namely to the 
Executive Management of IBAMA, the Presidency of IBAMA, the Ministry of 
Environment, and finally to CONAMA (National Council of Environment) until the fine 
actually enters into the category of active debt. At any stage during the fine issuing, 
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defense or collection processes, the offender may take legal action to query any of the 
procedures, further delaying the collection of the fine. 
 
Figure 3.1 - Steps for fine collection in IBAMA 
Source: adapted from Brito and Barreto (2006)  
 
3.3 Regulation of Environmental Crimes Law  
 Until 2008, the decree that regulated the Environmental Crimes Law of 1998 
was Decree N. 3179 of 1999. This decree set the values of fines to be paid by offenders 
of the said law, and IBAMA organized its fine issuance and collection procedures based 
on its internal Normative Instruction N. 8 of 2003, as well as on Law N. 8005 of 1990, 
which set deadlines related to fine issuing, appeal and collection. From July 2008 
onwards, Decree N. 6514 revoked the earlier decree, and in May 2009 IBAMA also 
updated its internal procedures concerning fines through Normative Instruction 14. 
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 Table 3.2 shows the later decree being much more severe in the application of 
fines for forest infractions, not only in terms of increased values of fines, but also in the 
detailing of more types of infractions, and increasing in the time span for recidivism, 
which is one aggravating factor in the value of the fine. This harshening of punitive 
measures can be seen as a direct response to the increase in deforestation in 2007/2008. 
 
Table 3.2 – Fines for forest related infractions 





Destruction of permanent protection forest 1500 to 50000 5000 to 50000 
Direct or indirect harm to Conservation Units 200 to 50000 200 to 100000 
Forest Fire 1500  
Unauthorized extraction of stones/sand or 
minerals from public forests or permanent 
protection forests  
1500 5000 to 50000 
Acquire, for industrial/commercial ends, wood 
and other vegetal products without required 
documentation 
100 to 500* 300 * 
Unauthorized transformation of wood into 
charcoal for industrial/commercial ends 
 500* 
Clear cut deforestation in LR 1000 5000 
Unauthorized clear cut deforestation outside LR  1000 
Unauthorized use fire in agropastoral areas  1000 1000 
Transport or commercialize products from 
embargoed areas 
 500* 
Sanctions will be increased in 50% when 
infractions make use of fire or cause forest fire 
(except for the making of charcoal and fire used 
in agropastoral areas) 
 ● 




 One element that deserves attention concerning the application of the sanctions 
present in Decree N. 6514 is article 4, which states that 
Art. 4. When issuing the notice of infraction, the environmental 
inspector shall indicate the sanctions established in this Decree, 
observing: 
I - the seriousness of the fact, given the motives of the infraction 
and the consequences for the public health and for the 
environment; 
II – the previous history of the perpetrator with regard to the 
compliance with the environmental legislation; and 
III- economic situation of the perpetrator. 
§1 to make the enforcement of item I, the environmental 
organization or body shall objectively establish complimentary 
criteria for the aggravating and attenuating of administrative 
sanctions. 
 While the first decree that regulated the Environmental Crimes Law did not 
clarify the responsibility of the environmental law enforcing agent in defining the 
occurred infraction and its associated sanction, Decree N. 6514 made such 
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responsibility assignment clear. Decree N. 6514 also called in its §1 the need to set, 
through complementary regulation, the criteria for the range of fines; until 2012 such 
objective criteria had not been created by IBAMA. Lack of criteria meant that IBAMA 
inspectors had great discretion in evaluating the economic situation of the law offender. 
IBAMA’s Normative Instruction N. 14 of 2009 stated in its Article 11 that in the 
absence of documents or information at the time of the fine issuing that could be used to 
assess the economic situation of the law offender, the inspecting staff could set the value 
of the fine based on the apparent economic situation of the law offender. We believe 
such discretion of IBAMA’s law enforcement agents was also a key element in the 
increasing value of fines associated with the downward trend in deforestation in the 
Amazon, as it will be explored in more details later in this chapter.  
 
3.4 Methods 
 The datasets used for the regression model in this section are summarized in 
Table 3.3. 
Table 3.3 – Datasets used in Chapter 3  
Variable Source 
Deforestation PRODES/INPE (http://www.dpi.inpe.br/prodesdigital/prodes.php) 
Soy beans planted area IBGE – Producao Agricola Municipal  
(http://www.ibge.gov.br/home/estatistica/pesquisas/pesquisa_resultados.ph
p?id_pesquisa=44) 





Protected Areas ICB- Instituto Chico Mendes (for conservation units) 
(http://www.icmbio.gov.br/portal/servicos/geoprocessamento/51-menu-
servicos.html) 
FUNAI (for indigenous lands) 
(http://www.funai.gov.br/index.php/shape) 




As a means of empirically examine the effect of measures towards more 
compliance with forest laws, several regression models were applied to a panel data of 9 
states in the Amazon over 11 years for a total of 99 observations between 2002 and 
2012. For deforestation, we used PRODES annual deforestation estimates. Since 1989 
INPE-Instituto Nacional de Pesquisa Espacial (the Brazilian Space Research Institute) 
uses remote sensing to monitor deforestation in the Brazilian Legal Amazon, yearly 
publishing the data and making it available for public download. The data, in the format 
shape file, consists of polygons that represent various situations of the surface of the 
area monitored by Landsat-class satellites when they pass over the Brazilian Amazon 
territory, such as clear-cut deforestation, forest, waterbody, non-forest, etc., with a 
resolution of 6.25 ha. 
 
As proxies for the direct cause of deforestation, we used the number of bovine 
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cattle heads and the area used for soy beans production, as provided by the Brazilian 
statistics bureau in the Municipal Agricultural Production and Municipal Livestock 
Production Surveys. According to Margulis (2003), the most basic statistic used to 
analyze the dynamics of deforestation in the Amazon is the evolution of land use in the 
region. Changes in the extension of pasture lands are supplied by Agriculture and 
Livestock Farming Census, but these were only carried out in 1970, 1975, 1980, 1985, 
1995 and 2006. To resolve this lack of data, we instead used yearly bovine herd size 
data for the 9 states in the Amazon. Moreover, while price indexes are also commonly 
used to explain deforestation- since they are one of the main signals of the market 
situation—obtaining data on the price of beef and soy for all the states and for all years 
of the present study has proved problematic. 
 
 As proxies for government attempts to prevent deforestation, we used the 
average value of fines for illegal deforestation, which we define here as the ratio 
between the total value of fines issued (the value in the notice of infraction), the number 
of fines issued by IBAMA, and the area of newly established protected areas in the 
BLA. Concerning fines, three points deserve special note: the first is that because 
PRODES deforestation year runs from August to July of the following year, the fines 
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were arranged in similar fashion. Second, in order to minimize possible bias arising 
from the fines issued in municipalities not covered by the PRODES in the states of 
Maranhão and Tocantins, we used the geospatial processing software ArcMap 10.1 to 
mask out the municipalities not covered by the monitored polygons, excluding the fines 
issued there. Finally, the data set provided by IBAMA contains detailed information 
concerning the notice of infraction (date, id number, and process number), the law 
offender (name, the natural person register number or the national registry of legal 
entities number), the offense (date, type, and location), value of fine and status of the  
notice of infraction (settled, under defense analysis, etc), but it lacks three key pieces of 
information: the extent of the environmental harm (for example, area), when how much 
of the original value of the fines were effectively collected, and the geographic 
coordinates of the infraction. 
 
 Concerning the protected areas (Figure 3.2), it is important to point out that 
some of the established areas overlapped with previously set areas. To exclude the 
repeated areas, we used ArcMap 10.1 to plot the polygons of Indigenous Lands (ILs) 
provided by FUNAI and the polygons of Conservation Units (CUs) provided by ICM, 
and allocated the overlapped area to the protected area established earlier. Because the 
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date of the establishment of ILs was not provided in the original data, we performed a 
search in decrees enacted by the Brazilian Government to find those that regulated the 
establishment in the categories of declared, ratified, or fully regularized ILs. 
 
Figure 3.2 – Protected Areas in BLA 
Source: ICB and FUNAI, adapted by author (refer to Table 3.3) 
 
3.5 Results and Discussion 
More fines or higher fines 
Following Becker (1968), it is possible to posit the simplest way IBAMA seeks to 
enhance compliance to forest law as being divided into two measures: the identification 
and fining of an offender, and the setting of the value of the fine. To assess whether 
strengthening of forest law enforcement took the form of increasing the ability to catch 
illegal deforestation perpetrators or of increasing the monetary value of fines, we used 
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data on the number of environmental infractions related to forests (Law n.9605 chapter 
5 section 2) and the corresponding fines for each of the nine states of the Brazilian 
Amazon. The raw data are presented in the form of graphs in Figure 3.3 and Figure 3.4.
 
Figure 3.3 – Deforestation and Infractions registered in BLA States 
Source: IBAMA, adapted by author (refer to Table 3.3) 
 
 
Figure 3.4 – Deforestation and Value of Fines in BLA States 
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Source: IBAMA, adapted by author (refer to Table 3.3) 
 
First, we consider the number of forest related infractions in Figure 3.3. This 
shows that, after an increase of 10% between 2004 and 2005, the number of infractions 
registered by IBAMA reached its peak in 2007 and since then has trended downwards. 
This initially significant increase in the registration of infractions (and therefore 
application of fines) is associated with a steep drop in deforestation of 31.5% in the 
same period. Given the various measures toward increased detection and assigning the 
responsibilities for illegal deforestation, one would expect an increase in the number of 
fines to result in decreasing deforestation, but an increase in fines after 2007 has not 
occurred. One hypothesis is that, as offenders are detected and fined, a decrease in the 
number of illegal acts follows, which leads to fewer people to fine. This hypothesis is 
further strengthened if one imagines that large cattle farmers responsible for large areas 
of deforestation were the focus of deforestation detection efforts. Unfortunately, because 
the data provided by IBAMA does not indicate the area of damage, it is not possible to 
further evaluate this hypothesis.  
 
Moving from the number of infractions to the value of fines, Figure 3.4 indicates 
that 2004-05 saw both a 34% drop in deforestation and a 67% increase in the total value 
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of fines. As pointed out earlier, 2004 was the year of the implementation of the 
PPCDAM, and the sharp increase in the total amount of fines issued, as well as the 
continuing upward trend, reflects the strengthening of punitive measures against illegal 
deforestation. Indeed, the increase in the value of fines already seen in 2003 can be 
associated with the implementation of Normative Instruction n.8, which can be 
considered as the first attempt by IBAMA to reform its internal procedures related to 
applying fines in the terms set forth by the Environmental Crimes law and the decree 
that regulated it, Decree 3179/99.  
 
 To further emphasize the preference of increasing the value of fines rather than 
increasing the number of offenders punished, Table 3.4 shows a correlation between the 
number of infractions and the average value of fines5 to the deforestation in each state 
and to the Amazon region as a whole. The average value of fines was calculated by 
dividing the total value of fines in the notices of infractions by the total number of 
notices of infraction. The correlation between the two sets of data ranges between -1 
and 1, with values closer to 1 or -1 indicating a strongly positive or negative correlation, 
5 The correlation between the total value of fines and the average fine per infraction is moderately strong 
to strong high for all states and for the Amazon as a whole: Acre, 0.519; Amazonas, 0.8998; Amapá, 
0.6504; Maranhão, 0.7498; Mato Grosso, 0.9323; Pará, 0.8591;  Rondônia, 0.6512; Roraima, 0.9716; 
Tocantins, 0.9350; and Brazilian Amazon, 0.8273. 
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and values close to 0 indicating weak or no correlation between the data.  
Table 3.4 – Correlation between infractions, average fine, and deforestation areas 
Correlation to respective deforestation areas (2002 -2012) 
 Number of infractions Average fine 
Acre -0.1154 -0.7406 
Amapá 0.0271 0.2916 
Amazonas 0.1702 -0.3157 
Maranhão 0.3038 -0.5739 
Mato Grosso 0.8638 -0.8066 
Pará 0.6736 -0.8154 
Rondônia 0.4453 -0.6769 
Roraima -0.4417 0.3545 
Tocantins 0.5349 -0.5202 
Brazilian Amazon 0.6949 -0.8617 
Source: author 
 If the primary cause for reduced deforestation were an increase in the number of 
infractions registered in the same year of the deforestation, one would expect the 
correlation between the number of infractions and deforestation to be moderate to 
strongly negative. In fact, however, the values found range between -0.2926 in Acre to 
0.8731 in Mato Grosso, with the value for the Brazilian Amazon as a whole being 
0.4978, which is counterintuitive. On the other hand, the increase in the average value 
of fines shows a strong correlation (below -0.80) not only in the Amazon region as a 
whole, but also in states where most of the deforestation occurred- notably Mato Grosso 
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and Pará. Rondônia, where deforestation rates and area are high, shows a moderately 
negative correlation. While it is surprising that in Amapá and Roraima the correlation 
coefficients between deforestation and the average value of fines were actually positive 
in the period, we believe the general pattern of high magnitude of fines and low 
deforestation holds true for the region as a whole. 
 
 One possible reason for the variation of the magnitude of coefficients is that 
different types of aggravating or extenuating factors play a role in deciding the value of 
the fine in the various states. The Environmental Crimes Law lists recidivism, 
deforestation in protected areas, and deforestation facilitated by public servants among 
the aggravating circumstances6, and the low level of literacy/education of offender as 
extenuating circumstances. Similarly, the level of discretion given to IBAMA in 
deciding the magnitude of fines for certain types of infractions also deserve special note. 
According to article 43 of Decree 6518/08, the suppression of forests in APPs entails a 
fine of R$ 5000 to R$ 50000 per hectare, but lack of objective criteria to assess the 
gravity of the infraction may have led to great disparity in setting the value of fines for 
6 In 2008, the special operation Curupira arrested Mato Grosso State’s Environment Secretary, IBAMA’s 
Superintendent in Mato Grosso, and Mato Grosso State’s Environmental Office President, all on charges 
of being members of a large scheme of illegal deforestation and logging. 
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similar infractions. This lack of objectivity and uniformity was improved only in 2012 
with the implementation of IBAMA’s Normative Instruction 10, according to which the 
value of a fine is decided depending on a score table where points are given to the 
behavior of the offender and the effect of the infraction on the environment and for 
public health. 
 
Another possible reason for the variation in the coefficients is the average size of 
deforested areas in the various states. Historically, Mato Grosso and Pará are the states 
where large landowners have been responsible for most of the largest areas of 
deforestation in the BLA (Nepstad et al. 1999; Fearnside 2005), yet Rosa et al. (2012) 
reported a large drop in deforestation cases above 50 hectares and an increase in the 
cases of deforestation below this size. Lack of information on the size of the 
environmental damage in the notices of infraction prevents us from further analyzing 
this hypothesis.  
 
  Moving from the state level statistics, we can also analyze data at the municipal 
level. Because of the rebound in deforestation in 2008, the government created a list 
singling out municipalities with high deforestation rates, based on the total deforested 
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area, the total area deforested in the three years prior to 2008, and the increase in the 
deforestation rate in at least three of the five years prior to 2008. Rural properties in 
Priority Municipalities (PMs) became subject to stricter monitoring and command and 
control measures, including rural credit restriction. The list includes 46 municipalities, 
while 6 other municipalities managed to have themselves removed from the list due to 
the steady success of the additional measures they were taking to decrease deforestation. 
We can evaluate whether a high percentage of infractions were issued in PMs.  
 
 Table 3.5 shows the share of priority municipalities in the total deforestation 
area, notices of infraction, and the total value of fines in relation to BLA. Until 2008, 
approximately 30% of the total infractions in BAL were notices of infraction in PMs. 
While there seems to have been a gradual effort to identify and act upon deforestation 
cases in PMs, particularly from 2010, the short temporal series calls for caution before 
making this assertion. On the other hand, it is possible to be more certain about the 
focus of the government in increasing the average value of fines. The same table shows 
that, despite negative variations during the period, the average value of fines in the 
priority municipalities was generally well above the average in BLA, further 
emphasizing the correlation between the magnitude of fines and the reduction in 
86 
 
deforestation. It is also interesting to notice a gradual decrease in the ratio, which might 
be an indicator of the government increasing the average of fines in non-PMs as well. 
Table 3.5 – Infractions and Fines in Priority Municipalities 
Year 
Deforestation in 




 in relation to total 
notices of infraction 
in BLA (%) 
Total value of fines 
in relation to total 
value of fines in 
BLA (%) 
Average Fine in 
relation to Average 
Fine in BLA 
2002 52.6 24.42 48.33 1.97 
2003 52.77 19.93 19.28 0.96 
2004 49.44 30.73 52.68 1.71 
2005 62.8 25.04 43.38 1.73 
2006 41.06 34.07 59.04 1.73 
2007 49.82 35.51 48.91 1.37 
2008 49.43 35.33 51.75 1.46 
2009 36.65 32.17 61.75 1.91 
2010 34.05 38.8 66.95 1.72 
2011 38.39 40.28 62.44 1.55 
2012 44.5 52.14 62.13 1.19 
Source: author 
 Because the data made available by IBAMA does not include the land area of 
the environmental damage, we can only indirectly assess the responsibility of large 
cattle ranchers for large deforestation. Fearnside (2005), for example, concludes that 
large cattle ranchers are largely responsible for illegal deforestation after noticing that 
the bulk of deforestation occurs in areas with a high percentage of ranches of ≥ 1000 
hectares (for example, Mato Grosso state). In MMA (2013), large deforestation is 
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considered to be over 300 hectares. Considering the laws which were infringed and the 
respective fine setting decree, we roughly estimate that fines over R$300,000 were 
levied for large deforestation perpetrated by a large cattle rancher, as the minimum fine 
for setting fire or felling a forest is between R$1000 and R$1500.  
 
 Figure 3.5 shows that, in Mato Grosso and Pará, where the bulk of deforestation 
has occurred and where there is a high percentage of rural land concentration, high fines 
occupy an increasing share in the number of fines applied.  
 
Figure 3.5 – Notices of infraction higher than R$ 300,000 
Source: author 
 
On the other hand, there is a growing number or studies indicating that the 
contribution of large producers towards the deforestation slowdown is decreasing. Maia 
et al. (2011) and Rosa et al. (2012) report a significant decrease in the number of large 
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deforestation plots, parallel to a significant increase in smaller deforestation plots of 25 
hectares; deforestation plots of less than 25 ha were 22% of the total deforestation plots 
in 2002, but gradually increased to 60% in 2009 (Maia et al., 2011). Further still, such 
small deforestation plots occurred in a larger number of municipalities, which in turn 
puts greater pressure on the ability of IBAMA to move resources (inspectors) to actually 
catch and fine the wrongdoers after confirming the deforestation. In 2012, IBAMA had 
411 inspectors responsible for illegal deforestation inspections, with 104 placed in Pará, 
74 in Mato Grosso and 52 in Rondônia. While data on the distribution of inspectors for 
all the states during the researched period are not available, it is not difficult to envisage 
the difficulty faced by the government in maintaining the present strategy of relying 
mostly on increasing the value of fines instead of the likelihood of fines when the 
deforestation incidents are small in area and large in number. This aligns with Godar et 
al. (2014), who indicated that larger properties have made a disproportionate 
contribution to the deforestation slowdown, whereas the relative contributions of 
smallholders and remote areas have increased in recent years.  
 
The impact of fines on deforestation 
In order to illuminate the effect of increasing the average value of fines and the 
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creation of protected areas on deforestation, six regression models were applied, and 
Table 3.6 summarizes the results.  
 
The first model applied was a pooled ordinary least squares (OLS) model. 
According to Croissant and Millo (2008), the standard linear model that pulls all the 
data across individuals and time in a panel data set is 
𝑦𝑦𝑖𝑖𝑖𝑖 =  𝛼𝛼 + 𝛽𝛽𝑇𝑇𝑥𝑥𝑖𝑖𝑖𝑖 +  𝑢𝑢𝑖𝑖𝑖𝑖                                                  (1) 
where 𝑖𝑖 = 1,… 𝑛𝑛 is the individual (in the present research, states in the Amazon) 
index, 𝑡𝑡 = 1,..,T is the time index and 𝑢𝑢𝑖𝑖𝑖𝑖 is a random disturbance term of mean 0. From 
this, we expanded to    
𝑦𝑦 = 𝛼𝛼 +  𝛽𝛽1𝑥𝑥1 + 𝛽𝛽2𝑥𝑥2 +  𝛽𝛽3𝑥𝑥3 +  𝛽𝛽4𝑥𝑥4 +  𝜀𝜀                                      (2) 
where 𝑦𝑦  is the yearly deforested area in the Amazon, α is the deforestation 
intercept, 𝑥𝑥1 is the average fine per deforestation infraction, 𝑥𝑥2 is the area of protected 
areas, 𝑥𝑥3  is the head count of cattle, 𝑥𝑥4  is the soy plantation area, β1 β2 β3 β4 are the 
respective regression coefficients, and ε indicates random disturbances (error term). The 
working hypothesis is that deforestation will be statistically negatively linked (in terms 
of significant regression coefficients) with average fines and conservation unit areas, 




Contrary to expectations, Table 3.6 shows that average fines and protected areas 
were positively linked with deforestation (although the former was not statistically 
significant), which counter intuitively indicates that increasing the value of fines for 
illegal deforestation and protected areas actually promotes deforestation. We assume 
that the unexpected results are due to the fact that the individual characteristics of each 
of the individuals were not taken into account in the pooled OLS model. 
 
To model individual heterogeneity, it is assumed that the error term has two 
separate components, one for each individual and one that remains constant over time. 
This leads to the so-called unobserved effects model  
𝑦𝑦𝑖𝑖𝑖𝑖 =  𝛼𝛼 + 𝛽𝛽𝑇𝑇𝑥𝑥𝑖𝑖𝑖𝑖 +  𝑢𝑢𝑖𝑖𝑖𝑖 +  𝜀𝜀𝑖𝑖𝑖𝑖                                            (3) 
where 𝜀𝜀𝑖𝑖𝑖𝑖,the idiosyncratic error, is independent from the regressors 𝑥𝑥𝑖𝑖𝑖𝑖 and the 
individual error component  𝑢𝑢𝑖𝑖𝑖𝑖  can be correlated with the regressors or independent 
from them.  In the case of the present research, if we assume that the differences found 
in each of the states of the Amazon are correlated to the variables, not controlling for 
such differences probably caused the biased results in the parameters β1 β2 β3 β4 of 
equation (1).The fixed effects model takes the fact that the differences between 
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individuals is correlated to the variables into account, and is defined here as  
𝑦𝑦 = 𝛽𝛽1𝑥𝑥1 + 𝛽𝛽2𝑥𝑥2 +  𝛽𝛽3𝑥𝑥3 +  𝛽𝛽4𝑥𝑥4 +  𝑆𝑆𝑖𝑖 + 𝜀𝜀                                        (4) 
where 𝑦𝑦, 𝑥𝑥1, 𝑥𝑥2, 𝑥𝑥3, 𝑥𝑥4,𝛽𝛽1,𝛽𝛽2,𝛽𝛽3,𝛽𝛽4  and 𝜀𝜀 are defined as for equation (2), and 𝑆𝑆𝑖𝑖 
represents each of the 9 states of the Amazon. 
 
Additionally, Arima et al. (2014) demonstrated the effectiveness of additional 
measures based on rural credit restrictions and strengthened monitoring and inspection 
in priority municipalities on deforestation. To capture the effect of these additional 
measures, we also set a control variable to indicate two distinct periods, before 2008 
and after.  
 
In a random effects model, we assume that the individual-specific component 𝑢𝑢𝑖𝑖 
is uncorrelated with the regressors, allowing us to leave out the component 𝑢𝑢𝑖𝑖 (and thus 
not control the individual specific effects). However, it is necessary to control the serial 
correlation across the composite error terms, or the OLS estimation will be biased.  
 
After running both regressions, a Hausman Test indicated that the individual 
effects are indeed correlated to the 4 explanatory variables on deforestation in the 
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Amazon. The OLS fixed effect model results confirmed the initial working hypothesis 
of a positive statistical link between cattle herd and soy area and deforestation, and a 
negative statistical link between fines and deforestation, although the negative relation 
between deforestation and protected areas was not statistically significant. The results 
show that the impact of fines on deforestation was of 0.0033 km2, which is equivalent to 
saying that increasing the value of fines by 1 unit (R$) is associated with a decrease 
deforestation of 0.0033km2, assuming all the variables remain equal. Moreover, the 
statistical significance of the coefficient associated with the period post-Decree 
6321/2007 also indicates the effectiveness of the additional measures set in the decree, 
supporting the results found by Arima et al. (2014). 
 
 We also considered whether fines issued in one year could affect deforestation 
rates in the following year. It is not difficult to imagine a situation that, when an 
offender is fined, potential forest-law offenders would be aware and thus refrain from 
deforestation in the future. In other words, could fines have a future deterrent effect on 
deforestation? Could the other explanatory variables also impact future deforestation 
rates? Finally, could the deforestation rates in one year also influence future 
deforestation? To test these hypotheses, this research also applied an autoregressive 
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(AR) model, a distributed lag (DL) model, and an autoregressive distributed lag 
(ARDL) model with fixed effects for each of the states of the Amazon. 
 
As a combination of an AR model and a DL Model, the ARDL model was used 
to determine if past deforestation rates drive the current deforestation rate (the 
dependent variable). The model is also capable of  taking into account the fact that, in 
addition to the present values of the explanatory variables, the past (lagged) values of 
those variables are often found to be statistically significant drives in a time series 
regression (Gujarati and Porter, 2005). The innovation proposed in the present research 
is the application of the ADL in a panel dataset, controlling for differences in 
individuals as the Amazon region is a very heterogeneous area made up of 9 states with 
different deforestation dynamics and institutional realities (forest legislation 
enforcement capabilities). According to Hasssler and Wolters (2005) the autoregressive 
distributed lag model of order 𝑝𝑝 and 𝑛𝑛, ADL(𝑝𝑝,𝑛𝑛), is defined for a scalar variable 𝑦𝑦𝑖𝑖 as 
follows:  
𝑦𝑦𝑖𝑖 = ∑ 𝑎𝑎𝑖𝑖𝑦𝑦𝑖𝑖−1
𝑝𝑝
𝑖𝑖=1 + ∑ 𝑐𝑐𝑖𝑖
′𝑥𝑥𝑖𝑖−1𝑛𝑛𝑖𝑖=0 +  𝜀𝜀𝑖𝑖                                          (5) 
where  𝜀𝜀𝑖𝑖 is the scalar zero mean error term, and 𝑥𝑥𝑖𝑖 is a K-dimensional vector 
process. The coefficients 𝑎𝑎𝑖𝑖 are scalars, while 𝑐𝑐𝑖𝑖′  are row vectors. Adding the individual 
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component 𝑢𝑢𝑖𝑖  and 𝑣𝑣𝑖𝑖 to equation 5 controls for individual specific and time specific 
characteristics, and the results of the additional regressions can be seen in Table 3.6. 
 
As can be seen in both the AR and ARDL models, past deforestation rates are 
also an important element for understanding present deforestation in the Amazon, to the 
extent that deforestation of 1km2 at a given point in time is associated with a 
deforestation area in the following year of 0.67km2 to 0.69km2.  In a business-as-usual 
scenario, deforestation agents continue deforestation as long as there are forests, 
creating a ‘momentum’ that influences the following years’ deforestation.  
 
Turning our attention to the original explanatory variables, the effect of fines on 
future deforestation rates was captured in both DL and ARDL models. The impact of 
soy and cattle expansion on contemporary deforestation was observed in both models, 
but their impact on future deforestation could not be observed. On the other hand, the 
effect of protected areas on contemporary and future deforestation generally behaved as 
expected, but the coefficients were not statistically significant in either the DL or ARDL 
models. At an initial glance, this is surprising, given the 55% increase in protected areas 
in BLA between 2002 and 2012. We believe, however, that the lack of statistical 
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significance in all models may lie in the distribution pattern of established protected 
areas across the states in BLA. Figure 3.6 shows that in the states that contribute most to 
deforestation in BLA, a significant increase in protected areas occurred only in Pará. In 
Mato Grosso and Rondônia, the increase in protected area was only 3% and 6.5% 
respectively. On the other hand, it is possible that an analysis at a finer scale could 
provide different results. 
 
Finally, it is worth noticing the statistical significance of the coefficients of the 
states in all the fixed effect models, particularly for Mato Grosso, Pará, and Rondônia. 
During the 2002-2012 period, these states were responsible for between 60% to 85% of 
the total deforestation in BLA, and the statistical significance of the coefficients 
indicates a high degree of certainty about the deforestation constants of these states. 
 
Overall, the effect of increasing the magnitude of fines on deforestation was 
seen in all models used. However, we acknowledge the possibility that this effect is 
overestimated due to the difficulty to include variables that represent private sector 




Table 6 – Regressions Results 
Explanatory variables 
REGRESSION MODELS 
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 R squared 0.4098 0.826 0.48137 0.925 0.868 0.936 




















 Numbers in brackets are the p-values. Results in bold are statistically significant at 5%. 
* For Fixed Effects Models, this is equivalent to State Acre 
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 Source: author 
 
Fine collection and recidivism 
Previous studies have pointed out the low collection rate of fines issued by 
IBAMA. Has there been any improvement in this regard in the 2000s? Ideally, IBAMA 
would have data on how collection rates of fines have evolved over time, but such data 
are not available; without this information, we are not able to assess when a fine was 
actually paid. Hence, the best option to assess the follow up process of a fine issuance is 
through the present settlement position.  
 
The present settlement position of all the fines issued by IBAMA during the 
period fall under some 80 status, which we grouped into categories that represent the 
various stages of fine issuance and collecting, namely:1) the period from the issuing of 
the notice of infraction until its homologation by IBAMA; 2) the defense analysis 
period, from IBAMA until the highest appeal instance; 3) appeals which have been 
accepted and led to the termination of the fining process, or were statute barred; 4) 
processes officially ended due to fines being effectively paid; 5) fines not paid, 
including those which have already been through all the defense analysis and remain 




Examining the distribution of the phases in the fine issuing and collection 
process (Figure 3.6) reveals that the number of infractions registered in 2002 and not 
paid until the present is 36% of the total cases of that year, and in the years immediately 
after the implementation of the PPCDAM, the percentage of infractions not paid is just 
shy of 50%. For those infractions registered in more recent years, we see that the 
majority are still in the initial stages of the fine collection process. Though not 
surprising, this shows how time consuming even the supposedly simple process of 
registering a fine, homologating it, and sending it to the offender can be, with 50% of 
the fines issued in 2012 still unpaid at this stage, some two years later. 
 
The difficulties for IBAMA in effectively collecting the value of the fines issued 
are even clearer when one sees the same distribution of the status of notices of 
infractions in terms of the actual value of fines (Figure 3.7). The value of the fines 
issued in 2002 effectively collected is a mere 4.1% of the total, although the actual 
number of infractions settled that year represents 36.7% of the total. Similarly, although 
IBAMA was able to receive payments for 21% of the infractions registered in 2005, 
they amounted to less than 1% of the total value of fines issued that year. Such numbers 
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show that IBAMA is able to collect fines of lower values effectively, but the higher the 
amount of the fine, the more time is consumed seeking a verdict on the obligation to pay 
the fine. This explains the large proportion of infractions in terms of value in the 
category “defense analysis”. 
 









Given the low fine collection rate, it is possible that a sense of impunity leads 
producers to repeat infractions to expand their production areas, or that previously law 
abiding producers turn into law offending behavior. In order to analyze possible 
variations in recidivism from 2004 onwards, we used the CPF and CNPJ number 
(Natural Persons Register and National Registry of Corporations respectively) in the 
notice of infractions data to first identify the unique law offenders each year, and then 
observed whether the same CPF and CNPJ number also occurred at least once in the 
previous 3 years up to 2008, and in the previous 5 years from 2009 onwards (as 
indicated in Table 3.2, the definition of recidivism changed in 2009). Table 3.7 reports 
the variation in the percentage of recidivists in relation to the total number of law 
offenders in each of the sates in the Amazon. 
 
Table 3.7- Percentage of recidivist from total number of offenders 
 Acre Amapa Amazonas Maranhao Mato 
Grosso 
Para Rondonia Roraima Tocantins 
2004 34.3 10.5 9.8 12 19.9 23.7 21 11.4 4.4 
2005 27.5 26.7 4.3 17.9 29.7 30.9 27.9 12.4 6.1 
2006 35.5 35.52 12.3 18.6 33.8 31.8 27.8 24.6 10.1 
2007 9.2 30.5 15 20.4 30 28.3 28.5 19.1 8.8 
2008 52.5 22.7 19.5 19.5 27.3 26.6 27.3 15.3 12.5 
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2009 54.2 16.1 18.2 32.4 23.9 28.3 37.4 16 12.7 
2010 43.8 20.2 22.1 21.8 18.9 25.4 28.8 24.3 7.1 
2011 77.3 23.5 25.3 40.3 20.8 29.3 21 17.2 9.6 
2012 88.9 33.3 23.1 37.2 13.5 22.1 12.6 18.8 8.8 
Source: author  
For the states which have historically been the largest contributors to 
deforestation of the Amazon, that is Mato Grosso, Para and Rondonia, we can observe a 
sharp increase in recidivism in 2005 compared to 2004. We attribute this to strengthened 
monitoring and intervention capabilities made possible through the implementation of 
the PPCDAM. In these same states, we also observe a decreasing tendency in the 
number of recidivism, which we associate with higher fines, and which aligns with 
Maia et al. (2011) and Rosa et al. (2012) in the fact that the deforestation slow down 
initially was largely due to monitoring and law enforcement focused on large 
landowners, but recently smaller farmers have become increasingly responsible for the 












 In addition to administrative sanctions in the form of fines, Law 9605/1998, 
Decrees 3179/1999 and 6514/2008 also indicate the possibility of the embargo on the 
activity and or respective area where illegal activities occur, including illegal large scale 
farming and livestock raising that result in grave environmental damage such as large 
scale deforestation. In this regard, Normative Instruction (Instrução Normativa) N.1 of 
the Ministry of Environment, dated February 29th 2008, was the first official 
prescription that regulated the administrative procedures to be followed by IBAMA in 
relation to embargoes on activities or areas which led to severe damage to forests. This 
normative instruction introduced a provision, later reinforced by Decree 6514/2009, by 
which embargoed areas were to be published in a public list made available and 
managed by IBAMA.  
 
 Once an area is embargoed, the activity that resulted in the embargo and any 
production therein are halted, and the area becomes target of stricter monitoring. Unlike 
a fine, whose payment can be postponed, embargoes come into effect immediately once 
the law enforcing agent issues the Notice of Embargo. Heavy fines are levied for 
disrespecting the terms of the embargo, and with the publication of the embargoed areas 
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list, all public and many private agencies conditioned credit and business opportunities 
to producers whose properties were not in the said list. 
  
 As such, it can be affirmed that the embargo of an area whose use was intended 
to be productive, can serve as a fine-equivalent coercive measure. Given these direct 
economic impacts on producers, embargoes are likely to have a deterrent effect on 
future deforestation, and in this chapter we test such a hypothesis in the state of Mato 
Grosso. 
 
 The remaining of this chapter is organized as follow. Section 4.2 briefly 
introduces the regulations that allow for the imposition of the embargo on a rural private 
property as a form of administrative sanction. In section 4.3 we introduce the two 
methodological approaches employed to assess the effectiveness of embargoes against 
deforestation, namely the original neighboring effect approach, and the measurement of 
deforestation inside an embargoed property. 
 
4.2 The implementation of the embargo 
 Among the administrative procedures to be followed by IBAMA set in 
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Normative Instruction N. 1 of 2008, georeferencing the embargoed areas imposed after 
December 2007 became an obligation. The creation and provision in the World Wide 
Web of maps with the location of the georeferenced polygons of the embargoed areas 
also became mandatory.   
 
 Finally, the normative instruction also clarified the three situations when the 
embargo can be lifted upon request by the landowner. First, when the Notice of 
Embargo has insoluble data input defects and is thus deemed by the judging authority to 
be null and void. Second, when the following procedures are implemented: approved 
plan for the recovery of the degraded area, registration of the Legal Reserve in the 
registry sheet of the property and submission of the environmental regularization 
certificate (termo de ajuste de conduta) issued by the relevant environmental agencies, 
and finally, if the embargoed area is in one of the priority municipalities set by Decree N. 
6321 of 2007, the submission of registration in the rural land registry SNCR. The third 
situation is applied for cases when it is proved that the landowner had no direct 
responsibility for the damage incurred in the case of forest management that occurred in 
accordance with the regulations set by the relevant environmental agency. Once the 
requirements set in the second situation are met, the polygon of the embargoed area will 
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remain in the data base under the status of area under environmental rehabilitation. 
  
 Within IBAMA, the administrative procedures concerning embargoes were first 
made clear in the Normative Instruction N.14 of May 2009. In its article 27, the said 
Normative Instruction states that the embargo will occur when the activity being 
implemented is irregular and there is the risk of continuing infraction or worsening of 
the environmental damage.  
 
 From the normative instructions issued by both Ministry of Environment and 
IBAMA, it is important to point out two key elements. First, although embargoes have 
been established as administrative sanctions for illegal deforestation since 1999, it was 
only from the second half of the 2000s that additional regulations allowed their full 
implementation. There might have been embargoes imposed prior to 2006, but there is 
no available data to assess either their number or their location. Second, the imposing of 
the embargo by the law enforcing agent is based on a mix of objective criteria, in the 
form of the illegality of the activity, and of subjective criteria, in the form of judgment 





Data set and study area 
 The GIS data sources used in this chapter are summarized in Table 4.1. 
Table 4.1- Datasets used in Chapter 4 
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INCRA, accessed in 2/2015: 
(http://acervo.fundiario.incra.gov.br) 
   
 The PRODES deforestation polygons represent areas larger than 6.25 hectares 
where complete forest cover removal occurred. Therefore, it is possible that in some 
embargoes where the area of the environmental damage is less than this minimum 
resolution, deforestation is not detected. 
 
In regard to the land classes of polygons, annual deforestation data for the 
Amazon consists of polygons identified in the category of forest, non-forest, 
deforestation_year_number, (where ‘year’ is a number indicating the year when the 
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deforestation polygon was observed, and ‘number’ is either a number 1 or 2, indicating 
respectively cases where the deforestation polygon observed was a cloud cover class 
polygon in the previous year or two years before), water body, and cloud cover of the 
most recent monitoring year. 
 
 In certain areas of the Amazon region, the constant presence of clouds during the 
monitoring period can lead to deforestation over-reporting in certain years; in other 
words, some deforestation polygons detected in a certain year may not have been of 
deforestation occurred in that year, but deforestation from the previous year whose 
detection was not possible because the area was covered in clouds in the previous year. 
This problem, however, is not of much concern in the case of Mato Grosso; when such 
polygons are present in the database, we count them as deforestation that occurred in the 
present year of monitoring. 
 
 Additionally, Mato Grosso is a unique state in the Legal Amazon region due to 
the fact that it hosts three different biomes, namely the Amazon forest biome, the 
Cerrado savannah biome and the Pantanal wet lands biome (Figure 4.1). Satellite 
monitoring on deforestation in the Legal Amazon does cover the totality of the state, 
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showing deforestation polygons outside the Amazon biome, but in the categorization of 
polygons outside this biome, it considers large areas to be under the category ‘non-
forest’ (Figure 4.2). These can be agricultural and pasture lands developed prior to 
satellite monitoring, urban areas, or even Cerrado and Pantanal vegetation that are not 
considered to be forest under the PRODES satellite monitoring classification. As it will 
be shown later, there are embargoes due to illegal deforestation imposed in areas under 
the category of ‘non-forest’ close to forest patches, therefore we consider all the 
municipalities in the state, regardless of whether they are in the Amazon biome or not. 
 
Figure 4.1 – Biomes in Mato Grosso 









 To analyze the spatial effect of embargoes on deforestation deterrence across 
municipalities in Mato Grosso, we first displayed the embargoes database using 
ARCMap 10.1 geospatial processing program and grouped all records of the database 
according to the year of occurrence. This 12-month period was set not as the usual 
January to December year, but rather as August to July of the following year, which is 
the same period used by PRODES for the deforestation estimates, resulting in 7 layers 




 Our first focus of analysis for assessing the impact of embargoes on 
deforestation is the distance between an embargoed area and deforestation that occurred 
after the embargo. Initially, we consider that once an embargoed area is put into effect, 
its neighboring area will be free from deforestation, as the embargoed area becomes the 
target of stricter monitoring and deforestation control measures by IBAMA; this is 
likely deter producers to continue with deforestation in the proximity of the embargoed 
area. Therefore, for every deforestation area (polygon) in year 2007, for example, we 
look for the nearest embargo imposed in the previous year 2006 (Figure 4.3, section A), 
and as there are various deforestation polygons, we calculate distance of each 
deforestation polygon to the nearest embargo polygon within the municipality that 
includes the deforestation plot using ARCMAP 10.1 generate near table tool, and 




Figure 4.3 – Considerations for calculating nearest embargo 
Source: author 
 
 According to the normative instructions issued by the Ministry of Environment 
and IBAMA, once an area is embargoed its polygon remains in the database unless it 
was proven that the landowner had no direct responsibility for the damage caused, or 
there were insoluble defects in the filling out of the notice of embargo by the law 
enforcing agent. Therefore, it is possible that the nearest embargo from a deforestation 
polygon in year T is not an embargo imposed in year T-1, but T-2 or even earlier. As 
such, for deforestation that occurred in 2008 onwards, we consider the accumulated 
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number of embargoes (Figure 4.3 section B, and Figure 4.4) when calculating the 
nearest distance from deforestation polygons to the embargoes for each municipality. 
 
* "CITY" in this figure refers to municipality in the text 
Figure 4.4 – Routine for calculating nearest table for deforestation year 2009   
Source: author 
 
 With the above considerations in mind, we generated for all the municipalities in 
Mato Grosso 7 tables (one for each deforestation year from 2007 to 2013) with records 
containing, for each deforestation polygon, the distance to the nearest embargo in place 
in the year immediately before the deforestation year (in figure 4.4, entitled 
Def2009_nearest_merged_embargo_2008). We then calculate the average distance of all 
the records to arrive at the “average deforestation deterrence distance from the embargo” 




 While the above method provides us with a “deterrence distance” of an embargo, 
within which the discouraging effect of embargo on deforestation in the near future is 
expected to be comparatively strong, it does not take into account that the very 
availability of forest “to be felled” might influence the distance of the nearest 
deforestation (Figure 4.3, section C). Using ARCMap, we arranged the original 
PRODES deforestation database to create layers of remaining, intact forest polygons for 
the years 2007 to 2013, and repeated the same procedure employed for generating the 
near tables for embargoes and deforestation, but substituted deforestation for remaining 
forest. After calculating the average distance of all records, we arrived at the “average 
remaining forest distance from embargo” for each year. 
 
 With these two sets of numbers, we can propose that if the average distance 
between the embargo and the deforested area is larger than the distance between the 
embargo and the remaining forested area, the embargo had a deterrent effect against 
deforestation (Figure 4.5). However, it is important to point out that even within Mato 
Grosso state regional variation is large in terms of remaining forests, deforestation rates, 
and the number of embargos imposed that might be more or less spatially uneven and 
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arbitrary. As such, maps showing these factors have also been prepared, and the analysis 
of the results in the next section starts with such factors. 
 
Figure 4.5 – Effectiveness of embargo against deforestation  
Source: author 
 
Deforestation inside embargoed properties 
 While the calculation of the neighboring effect of the embargo on deforestation 
allows us to assess whether the imposition of the embargo creates a buffer zone wherein 
no deforestation occurs, it does not indicate whether this deforestation occurred inside 
the embargoed property or outside. This limitation occurs due to the fact that the 
embargo data base does not indicate if the embargoed polygon refers to part of the 
property or the whole property. 
 
Therefore, to calculate the level of compliance of the embargo inside the 
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embargoed property, we intersected the embargo dataset with INCRA’s georeferenced 
land cadastre7 to identify the borders of the embargoed property. Once the borders of the 
embargoed properties were identified, we intersected the layer of properties with the 
deforestation dataset, in order to identify the amount of remaining forest in the property 
before and after the embargo; by measuring the remaining forest instead of deforestation 
after the imposition of embargo, we avoid mistakenly considering embargoes to be 
effective against deforestation when the absence of deforestation after the embargo 
occurred due to lack of forest to be felled. 
 
4.4 Results and Discussion 
Neighboring Effect 
As it can be seen from Figure 4.6, satellite monitoring indicates that in 2006, 
municipalities with large areas of forest remaining outside indigenous lands and 
protected areas were clustered in two areas: the relatively remote northwest, where 
infrastructure connection to the major roads of the state is poor and precarious, and in 
the municipalities in the northeast, where the Xingu Indigenous Park is located. In the 
southeast of the state, the small area of forest cover remaining is a reflection of the 
7 A thorough introduction of INCRA’s land cadastre is presented in Chapter 5 of this research. 
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expansion of cattle ranching and agricultre from earlier development initiatives by the 
federal and state governments, as well as the original Cerrado vegetation not being 
categorized as forets in the PRODES deforestation monitoring system. 
 
Figure 4.6- Remaining forests in 2006 
Source: author 
 
While in absolute terms most of the deforestation in the period occurred in 
municipalities with large areas of forest remaining (Figure 4.7), in relation to the area of 
remaining forests, severely affected municipalities are spread out across the state. Of 
particular concern are Itanhanga (269) and Terra Nova do Norte (347), municipalities 
located in the Amazon biome and where the magnitude of deforestation was large 
enough to result in more than 10% of forest loss from the remaining forested area in 
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2006. Outside the Amazon biome, forest loss was also particularly severe in Pedra Preta 
(305), in the southeast area of the state. Not only it is a municipality with low forest 
cover in 2006, but the deforestation in the following years resulted in the near complete 
forest loss in the municipality. 
 
Figure 4.7 - Deforestation in the period (left) and relative deforestation to remaining 
forest (right) 
Source:author 
Turning now our attention to the spatial distribution of embargos, we see that 
they were mostly imposed in northern part of the state, clustered roughly around the 
same municipalities where most of the deforestation in the period occurred (Figure 4.8). 
We believe that around the Xingu National Park area, the large absolute deforestation 
and high number of embargoed areas occurred as a consequence of soy beans and cattle 
farming expansion pressure, whereas in the northwest region of the state the expansion 





Figure 4.8 - Number of embargoes per municipality 
Source: author 
 
 Figure 4.9 shows that in the vast majority of the municipalities in Mato Grosso, 
once an embargo is imposed, the average “deterrence distance” wherein no future 
deforestation occurred is very near to the embargo, within a radius ranging from 0.1 km 
to 1 km from the embargo. At first this seemingly short distance might be an indication 
of the low effectiveness of embargoes as administrative sanctions against illegal 
deforestation, but when assessing these distances taking into account the number of 
embargoes in the municipalities, a different analysis is possible. In the municipalities 
where the embargo_deforestation distance is large, there are generally less embargoes, 
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while the opposite generally applies to the municipalities where the distance is small. It 
is indeed only when looking at the ratio between the embargo_deforestation distance 
and the embargo_remaining-forest distance that a clearer picture of the effectiveness of 
the embargoes against illegal deforestation is observed, as the following analysis shows. 
 
Figure 4.9 -Average shortest distance between deforestation and embargos 
Source: author 
 
Figure 4.10 shows the ratio of the average nearest distance from embargo to 
deforestation over the average nearest distance from embargo to forested areas in each 
municipality, with values equal to or lower than 1 indicating that the area between the 
imposed embargo and the newly deforested area had been already clear cut prior to the 
new deforestation; we thus consider the distance between the embargo and the 
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deforestation was not due to the deterrent effect of the embargo, but rather due to the 
unavailability of forests to fell.  
 




In Figure 4.10 we observe that despite a large number of municipalities  located 
in the northern Amazon biome of the state (circled in red) where the ratio is lower than 
1, in the majority of municipalities which suffered from high deforestation in the period 
embargos had an effective deterrent effect on deforestation. Among the municipalities 
where the embargoes where shown to be ineffective, it is important to point out that 
municipalities identified by the number Colniza (250), Juína (276), Brasnorte (236), 
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Tapurah (346), Porto dos Gaúchos (313), Alta Floresta (220), Claudia (247), Santa 
Carmen (324), Nova Ubiratã (297), São Félix do Araguaia (339) and Confresa (252) are 
considered by IBAMA to be priority municipalities for stricter monitoring and 
deforestation control. These eleven municipalities account for half of the priority 
municipalities in Mato Gross, and the fact that the present analysis showed that the 
embargoes were not able to deter deforestation in the neighboring areas indicates the 
need to further our understanding of how embargoes impact deforestation.  
 
Indeed the present analysis has some important restrictions. Firstly, when 
calculating the nearest distance between deforestation and embargo, we only consider 
the distance to between each deforestation polygon and one embargo. Certainly on the 
field it is likely that not only one embargo but many embargoes might influence 
deforestation. Another important restriction of the model is that it does not take into 
account any information about the type of the economic activity conducted in the 
property, nor about its scale. This latter piece of information in particular is likely to 
have an important impact; the embargo of a large scale farm is likely to have a higher 




Deforestation inside embargoed properties 
Table 4.2 reports the results of embargoes that were effective in preventing 
further forest loss in the properties where they were imposed. From a total 3426 
embargoed areas in IBAMA’s data base, 875 intersected with INCRA’s georeferenced 
land cadaster. This land cadaster, although not complete, is the most reliable database on 
the perimeters of private properties in Mato Grosso, as it is compiled in a way that 
prevents the overlapping of the private properties polygons. The implementation of the 
land cadaster started in 2004 in Mato Gross, and as of February 2015, about 43.7% of 
the area of the state was identified privately owned; another 37.9%, while thought to be 
privately owned, remained without georeferencing 8 . It is thus possible that many 
properties that became target of embargoes are yet to provide their GIS information to 
INCRA.  
Table 4.2 – Embargoes properties in Mato Gross and deforestation deterrence effect  
Measurement n. properties 
Embargoed properties (2005-2012) 3426 
Intersect embargo with INCRA georeferenced land cadaster 875 
Embargoed properties with remaining forest 789 
Average remaining forest at time of embargo (% of embargoed 
property area) 
47.87 
Average remaining forest in 2013 (% of embargoed property area) 46.83 
Properties with no forest loss after embargo 495 
Properties with no forest loss in year immediately after embargo but 
afterwards 
92 
Properties with no forest loss in year immediately after embargo then 
none afterwards 
79 
8 Detailed analysis showed in the Chapter 5. 
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Properties with forest loss immediately after embargo and beyond 123 
 
 By the time of the imposition of the embargo, embargoed properties had on 
average 47.87% percent of the property area still covered with forest. It is difficult to 
assess whether this percentage is appropriate or not, given that Mato Grosso state is 
covered by 3 different types of biomes, and that each biome requires a different 
percentage of the property area to be preserved (for properties in the Amazon biome, 
80% of the property area, 30% for properties in the Cerrado biome, and 20% for 
properties in the Pantanal biome). Nevertheless, the fact that by 2013 the remaining 
forest in the embargoed properties had decreased to 46.8% indicates that embargoes, 
though not perfect, have mostly deterred deforestation within the borders of the 
properties.  
 
 Out of the 789 embargoed properties with remaining forest, in 495 of them the 
embargo was highly effective in preventing further forest loss; no forest loss occurred 
after the imposition of the embargo. Embargoes that were partially effective in 
preventing forest loss amounted to 21.6% of the properties with remaining forest, and 
this partial effectiveness can be divided in two types: embargoed properties where forest 
loss occurred in the year immediately after the imposition of the embargo but not 
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afterwards, and embargoed properties where there was no forest loss in the year 
immediately after the imposition of the embargo, but afterwards. Finally, the imposition 
of embargo did not prevent further forest loss in 123 properties.  
 
We observe from Figure 4.11 that in the spatial distribution of embargos with 
remaining forest, there is one cluster covering municipalities in the northwest region of 
the state, and another cluster in the northeast region, in municipalities roughly covering 
the Xingu National Park (indigenous land). When turning our attention to the spatial 
distribution of effective and non-effective embargoes (Figure 4.12), we notice that the 
distribution of effective embargoes follows a pattern similar to what is found in Figure 
4.7, with two clusters of municipalities roughly located in the northeast and northwest 
regions. It is surprising to observe that in the municipality of Colíder (249) embargoes 
seem to be particularly ineffective to deter further forest loss. Although we are not 
certain about what particular local conditions may have led to such result in this 
municipality, the present results show that the imposition of the embargo generally is an 
effective administrative sanction to prevent deforestation inside the property borders. 
This is likely due to the combination of stricter monitoring such properties become 




Figure 4.11 – Spatial distribution of embargos with remaining forest 
Source: author 
 







Georeferenced land cadastre in Mato Grosso 





 From late 2003, the federal government started to implement its first nation-
wide georeferenced cadastre of private rural properties, pursuant to Law N. 10267 of 
2001. Historically, landholding situation in Brazil and particularly in the Amazon region, 
has been extremely unclear; the inability of all different levels of government in 
guaranteeing the boundaries of public and private lands, or even of having a precise 
understanding of where those lands were, led to a vicious cycle of land grabbing, 
creation of fake land titles, eventual “legalization” of these titles through registration in 
Land Registry Offices, violent conflict arising from overlapping claims, and 
uncontrolled deforestation.   
  
 Land grabbing and unclear cadastral situation impact deforestation in two 
manners: firstly, it increases the profitability of cattle ranching, as the real cost of land is 
not included (Bowman et al., 2012; Margulis, 2003). Secondly, it hampers the 
implementation of legal requirements for forest protection in private properties (Barreto 
et al., 2008). Since 1965, Brazilian Forest Law requires all rural private landholdings to 
have a portion of their area protected with the original forest cover, the so-called Legal 
Reserve. For private landholdings located in the Amazon biome, this percentage is 80% 
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of the landholding area, and owners are obliged to register the limits of the Legal 
Reserve area of their property at a local Land Registry Office. Lack of precise 
understanding of the metes and bounds of a landholding directly hinders the calculation 
of the required Legal Reserve area; moreover, and perhaps more importantly, not 
knowing the exact location of a private property or the existence of overlapping claims 
over the same area hampers the ability of law enforcement agents to assign 
responsibilities for illegal deforestation. It is not difficult to imagine some landowners 
taking advantage on this uncertainty and converting forests to pasture lands in levels 
beyond the permitted by law. 
 
 State protected areas are generally an effective way of guaranteeing the 
preservation of original forest covers, as they make clear the boundaries of the area and 
the types of land use allowed therein (Aaron et al., 2001; Ferreira et al., 2005; Naughton 
et al., 2005; Nepstad et al., 2006; Sanches-Azofeifa, 1998). The effectiveness of 
protected areas is dependent, however, on the actual distance to deforestation pressure. 
Protected areas are generally located in remote or marginal land with low pressure for 
deforestation (Andam et al., 2008), where their establishment faces less resistance of 
economic agents whose activities rely on the conversion of forest to other types of land 
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use. This pattern of geographical distribution of protected areas may bias the 
comparison between protected and non-protected areas, generally resulting in 
overestimation of the effectiveness of protected areas if appropriate statistical analysis 
such as matching methods is not used. (Andam et al., 2008; Nelson and Chomtiz, 2011).  
 
Because Forest Law obliges all private properties to maintain a portion of the 
property area as original forest cover, we can hypothesize that once the actual 
boundaries of the private property are effectively known to authorities, an increased 
likelihood of better monitoring and sanctions application by authorities should result in 
occurrence of less illegal deforestation therein than in properties whose georeferenced 
location is not known. 
  
 The main objectives of this chapter are to analyze the implementation of the 
georeferenced land cadastre by INCRA-Instituto Nacional de Colonização e Reforma 
Agrária at the municipal level in Mato Grosso state, and to assess its effectiveness 
against illegal deforestation. Mato Grosso is selected not only because it is the state in 
the Brazilian Amazon where the implementation of the land cadastre started the earliest 
and has advanced the most, but also because it is the first state in Brazil to implement, 
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in 2000, a GIS based environmental licensing system for cattle ranching and agricultural 
production in rural properties, called SLAPR-Sistema de Licenciamento Ambiental em 
Propriedades Rurais (in English, Rural Properties’ Environmental Licensing System). 
This licensing system was the focus of analyses of Azevedo and Saito (2012) and 
Chomitz and Wertz-Kanounnikoff (2005), who concluded based on GIS analyses that 
properties registered in the system had less deforestation in “more easily observable 
areas” such as close to main roads, (Chomitz and Wertz-Kanounnikoff, 2005) and that 
deforestation was lower than in properties not registered in the system. It is important to 
point out, however, that these studies did not deal with the problem of overlaps of rural 
properties, an issue raised in an institutional analysis of the system conducted by and 
ISA and ICV (2006). Because INCRA’s georeferenced database is designed so that there 
are no overlaps between private properties, analyses based on it are bound to be more 
accurate and reliable.  
 
 The remainder of this chapter is structured as follows. In Section 5.2, we 
introduce INCRA’s georeferenced land cadastre. Section 5.3 describes the study area 




5.2 - INCRA’s georeferenced rural cadastre 
 With the enactment of Law N. 10267 of 2001, the article dealing with 
registration of private properties in the Law of Public Registries was altered, 
establishing the obligation of adding georeferenced information of properties on their 
respective record sheets in order for any private landholding transaction to be valid. The 
deadlines for registration of properties georeferenced in INCRA’s database vary 
according to the area of properties, as it can be seen in Table 5.1.  
Table 5.1 – Deadlines for rural landholding georeferencing registration 
Property area (ha) Decree  4449/2002 Decree 5570/2005 Decree 7620/2011 
>= 5000 20/02/2004 20/02/2004 20/02/2004 
>=1000 and <5000 20/11/2005 20/11/2005 20/11/2005 
>=500 and <1000 20/11/2006 20/11/2008 20/11/2008 
<500 20/11/2007 20/11/2011 - 
>=100 and <500 - - 20/11/2013 
>=100 and <250 - - 20/11/2016 
>=25 and <100 - - 20/11/2019 
<25 - - 20/11/2023 
Source: organized by author 
 
It must be noted that apart from rendering the property ineligible for any type 
of transaction (for example, sale, division or donation), there is no legislation setting 
forth sanctions for landowners who miss the deadline. Despite this shortcoming, to 
which we attribute some of the responsibility for the still low registration rates (as of 
February 2015), the implementation of georeferencing is an important step towards a 




 In the first stage of the implementation of the cadastre, the procedure to be 
followed for registration was as follow: the landholding owner brings to INCRA the 
specifications of the property and the georeferenced map prepared by a licensed 
surveyor registered with INCRA. After INCRA verifies the inexistence of overlaps with 
other properties in its records, it records the information in its cadastre system and 
provides the landholding owner with a certificate of the specifications of the property 
and the georeferenced map. The landholding owner then presents the above certified 
documents, as well as a signed agreement letter of all the landowners whose lands share 
borders with that of the applicant, to the Land Registry official; after checking that the 
signatures in the agreement letter indeed belong to the neighboring landholding owners, 
the Land Registry official transcribes the specifications of the property to the registry 
sheet of the property. The new specifications of the property with the coordinates, 
regardless of differences in area and measurements that might exist in the previous 
specifications of the property, substitute entirely the previous specifications.  The Land 
Registry official then informs INCRA on the changes in the rural property; INCRA in 
turn assigns to the rural property a new cadastre number and informs this cadastre 
number to the Land Registry official. By registering this new cadastre number in the 
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registry sheet of the property, the Land Registry official concludes the certification 
process and guarantees the interconnection between land registry and land cadastre. 
Decree N.5570 of 2005 makes it compulsory for the various Land Registry offices to 
monthly inform INCRA of changes in the registry sheet of rural properties, and for 
INCRA to monthly inform the Land Registry offices the cadastre number of the 
properties whose registry sheets were modified. In 2009, the publication of INCRA’s 
Execution Norm 80 simplified the procedure, particularly by changing the obligation to 
provide a signed agreement from neighbors to a simple list containing just the names of 
the neighbors. 
 
 As it can be seen in Figure 5.1, the arrangement for the registration of 
georeferenced information is such that the landowner and the licensed surveyor9 are the 
agents responsible for the unambiguous and precise description of the property. The 
responsibility of INCRA lies in certifying that, based on the information provided by the 
licensed surveyor, there are no overlaps with other private properties. Finally, the 
responsibility of the Land Registry office lies in legally recognizing the description of 
the property.  
9 The licensed surveyor is criminally liable for mistakes/false information provided to INCRA.   
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Figure 5.1- Rural property georeferencing certification and registration flow 
Source: author 
 
Considering that Law N. 10267 of 2001 allows for the georeferenced cadastre 
to be accessible by all federal and state institutions that produce or use information 
about the rural situation in Brazil, it is expected that the assignment of responsibilities 
by the environmental agency IBAMA for illegal deforestation should occur more 
efficiently; with updated cadastral information, IBAMA gains an important tool to 
unequivocally identify the actual owner of a property, as well as its actual boundaries, 






 The datasets used in this section are summarized in Table 5.2. 
Table 5.2 – Datasets used in Chapter 5 
Name Type Source 
Deforestation 
(2004-2013) 










Shape file SEMA-MT 
(http://www.sema.mt.gov.br/) 














Shape file IBGE 
(ftp://geoftp.ibge.gov.br/malhas_digitais/municipio_2010/
) 







To map deforestation in the Amazon, PRODES uses its own methodology 
based on image-fraction (shade, soil and vegetation) from Linear Blend Spectral 
Analysis of the satellite LANDSAT 5 TM, followed by the segmentation in homogenous 
fields of the images of the soil fractions and shade fractions to map various classes of 
land use (deforestation_year, remaining forests, etc) (Câmara et al., 2006). The data 
provided by PRODES contains various pieces of information, and for this study we 
were particularly interested in the class of the polygon, its area, and the year in which 
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the class was assigned. The 7 types of category of polygons area are the following: 
‘Forest in 2013’, ‘Deforestation until 1997’, ‘Annual Deforestation (2000 until 2013)’, 
‘Non-forest’ (other types of vegetation like Cerrado), ‘Clouds in the year 2013’, 
‘Waterbody’, and ‘Residuals’ (deforestation from previous years not detected due to 
omission errors).  
 
INCRA’s georeferenced cadastre data base used is composed of 4 main datasets, 
two for private properties (one for private properties registered directly through request 
to INCRA, and another for private properties registered through the SIGEF-Sistema de 
Gestão Fundiária online system), one for public lands, and one for agrarian reform 
settlements, which are also, as a general rule, public lands. All data sets contain 
information on the perimeter of the georeferenced area, as well as the date of 
certification.  
 
The data provided by IBAMA describes the fines applied in Mato Grosso state 
as sanctions for forest-related offenses from 2002 until 2014, with the description of the 
infraction and its geographical location. Although the data contains 9925 records of 
infractions in the period, only 6578 were used in the series of analyses below, as the 
138 
 
remaining records’ geographical location information was too incomplete to allow for 
accurate mapping display. 
 
Land situation in Mato Grosso 
 The basic procedure applied to have a more accurate picture of the land situation 
in Mato Grosso was to overlay the geospatial vectors of the layers of interest, namely 
that of georeferenced private properties, indigenous lands and conservation units 
(federal, state and municipal ones). We took advantage of the fact that the georeferenced 
properties in the INCRA data base do not overlap with one another and used the 
function intersect in ArcMap 10.1 to mask out the georeferenced properties that might 
overlap with the conservation units and with indigenous land. This procedure resulted in 
the creation of 3 data sets: one for georeferenced private properties, one for the union10 
of georeferenced public properties and agrarian reform settlements, and one for the 
union between conservation units and indigenous lands without overlaps with 
georeferenced private properties, public properties and settlements. 
 
10 The union function in ArcMap calculates the geometric union of the feature layers, resulting in an 
output feature layer with polygons representing the geometric union of all the inputs, also showing the 
presence of overlaps  
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Implementation of georeferencing of properties in Mato Grosso 
 To evaluate the factors that might have influenced the decision of landowners to 
georeferenced their properties, we first analyzed how INCRA handled the 
georeferencing certification requests. 
 
 Next, in order to evaluate the extent to which soybeans and livestock production 
expansion might have impacted the pace of private properties georeferencing, we 
verified whether in the period from 2004 until 2012 there was an expansion in the 
economic activities at the end of the period compared to the beginning. This resulted, 
for each municipality, one of the following 6 scenarios: both soy and cattle expanded; 
only cattle expanded; only soy expanded; cattle expanded, and there was no presence of 
soybeans plantation in the period; neither expanded; cattle did not expand, and there 
was no presence of soybeans plantation in the period. The next step involved crating a 
matrix of economic activity expansion and georeferencing rates, assigning values to 
municipalities that represented their position in the matrix.   
 
Effect of georeferencing of rural properties on deforestation 
 To evaluate the impact of georeferencing of private properties on deforestation, 
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we first expanded the 3 data sets of land use (private properties, public lands and 
settlements, and conservation units and indigenous lands) by intersecting each of them 
with the deforestation data set, so that each of the polygons in the land use data sets 
contained the following information: municipality, property ID (in the case of 
conservation units and indigenous lands, their names), date of georeferencing 
certification (in the case of conservation units and indigenous lands, date of 
establishment), land cover type from the PRODES data base categories, and the date 
when the land cover type was observed.  
 
 For the analysis on the impact on deforestation, we pursued 3 analyses. First, we 
focused solely on georeferenced properties, assessing the amount of deforestation 
before and after georeferencing; for this analysis, only properties registered until 2012 
were used, as deforestation data is available until 2013. Next, we used paired data 
analysis (Wilcoxon test) to compare deforestation inside and outside georeferenced 
private properties at the municipal level. This analysis is less influenced by the distance 
to deforestation intensive areas that bias results of the effectiveness of protected areas 
on deforestation; comparing yearly deforestation after georeferencing in certified 
properties with deforestation in non-certified properties in the same municipality 
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ensures that both classes of properties are affected by a similar level of deforestation 
dynamic, be this dynamic intensive or not. 
 
Thirdly, we used the georeferenced infractions dataset to assess their 
distribution across the state, selecting those that intersected with georeferenced 
properties, and in such properties evaluated the occurrence of infractions before and 
after georeferencing. Finally, we also assessed the extent to which the presence of 
remaining forests in both types of properties might have impacted infringing behavior. 
 
5.4 Results and Discussion 
Land situation in Mato Grosso 
 As of February 2015, about 38 million hectares of private properties were 
georeferenced in the state (Table 5.3). Prior to the implementation of georeferencing, 
the most reliable source of information concerning private rural land situation in Mato 
Grosso was the Rural Cadastre National System-SNCR, whose snapshot of 2001 
showed almost 72 million hectares of land in the state belonging to private landowners. 
However, because much of the information in the SCNR cadastre is of declaratory 
nature, much of the land registered there does not actually correspond to the reality, as 
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shown by Barreto et al. (2008). 
 
 While INCRA’s georeferenced cadastre guarantees the absence of overlaps with 
other private properties, it is worth to notice the existence of overlaps between 
georeferenced private properties and conservation units. Additionally, there is also 
overlap between indigenous lands and the various conservation units. Finally, and 
perhaps even more surprising, there are also overlapping areas between public 
georeferenced lands that are used for as settlements for agrarian reform and 
conservation units. 
 
In the case of private properties, we found the existence of about 2.8 million 
hectares of georeferenced properties within the limits of public protected areas (mainly 
in conservation units, and to a much smaller extent in indigenous lands). In the latter, 
we observed that in all state, there are officially 5,263,290 hectares of conservation 
areas under federal, state, municipal, or to a considerably smaller extent, private 
administration. Additionally, the area of indigenous lands in the state is 13,450,210 
hectares 11. From the above, the official total area of protected areas in the state is 
11 This area excludes Indigenous Lands that are not yet legalized or in the legalization process, that is, 
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18,713,500 hectares, but considering the overlap between indigenous lands and 
conservation unit, at  maximum extent there is 18,501,791.8 hectares of public protected 
areas in the state. Although this overlap does not necessarily mean enhanced protection 
of the area, actions to clarify administrative responsibility lie mostly within the 
government in its 3 levels of administration, or within government agencies. On the 
other hand, the overlap between private rural properties and public protected areas can 
have potentially graver consequences, both in terms of possible conflicts with 
indigenous groups and in terms of negative impacts on forest conservation efforts. 
 
 Despite the issue of overlaps, implementing a georeferenced rural land cadastre 
has allowed the government to have a clearer idea of the challenge it faces in 
determining who owns what in the Amazon; as of February 2015, there was no certainty 
about the ownership of 34 million hectares, which is 37.9% of the total area of Mato 
Grosso. Based on the data provided in the SNCR cadastre one is led to believe that most 
of this area is privately owned. Nevetheless, the fact that only about two thirds of the 
area in the state has been effectively identified eloquently emphasizes the need to speed 
up the implementation of rural georeferencing.  
indigenous lands that are still in the implementation pre-analysis phase. 
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Table 5. 3– Land Situation in Mato Grosso as of February 2015 
Item Measurement Hectare (%) 
A Mato Grosso State 90,230,000 (100) 
B SNCR Private Properties (2001) 72,814,442 
C Georeferenced Private Properties (February 2015) 38,836,974 (43) 
D Public Lands and Rural Reform Settlements (INCRA) 2,001,017 (2.2) 
E Indigenous Lands and Conservation Unit (no overlaps) 18,501,799 
F Georeferenced Private Property in Indigenous Land and 
Conservation Units 
2,845,723 
G Public Lands and Rural Reform Settlements in Indigenous 
Lands and Conservation Units 
480,670 
H (E-F-G) Indigenous Lands and Conservation Units (maximum 
extent) 
15,175,399 (16.8) 
I(A-C-D-G) Unidentified (Public or Private) 34,216,611 (37.9) 
Source: author 
 
 Figure 5.2 shows the spatial distribution of the various types of land occupation 
in Mato Grosso. The map does not show the overlap areas, giving precedence to 
georeferenced private lands over protected areas. The reason for this choice when 
creating the map was not only to allow for a better visualization, but also to take into 
account legal reasons. Although the georeferencing of private properties and the 
subsequent certification of this georeferencing is not an endorsement of the ownership 
of the land (as such endorsement is only provided by the Land Registry Offices), if it is 
proven that the private property was legally located in the area prior to the establishment 
of the conservation unit, the owner has a strong legal argument for keeping the property.  
 Overlaps also occur between public lands, settlements (originally public land or 
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expropriate land owned by INCRA for agrarian reform purposes), and conservation 
units. Here again, given the human presence in the protected area in a georeferenced 
region, we chose to give precedence to these over the public protected areas; a historical 
view on the pressure by the well-organized social movement MST-Movimento dos 
Trabalhadores Sem Terra (Landless Rural Workers Movement) is an indicator that, 
eventually, the view of the disputed land as settlement and not as part of conservation 
unit is likely to have the upper hand. Human presence seems to be a critical element in 
the overlaps, as there are very few overlaps between georeferenced private and public 
lands and indigenous lands. 
 






Implementation of georeferencing of properties in Mato Grosso   
 Figure 5.3 shows the pace of registration of properties in Mato Grosso state until 
February 2015. Looking at the figure in conjunction with Table 5.1, one first notices that 
the deadlines for georeferencing larger properties have been missed by a large number 
of landowners. As mentioned earlier, not georeferencing the property within the 
established deadlines renders it ineligible for land transactions; without reliable data on 
land transaction activity in Mato Grosso, however, it is difficult to assess how 
compelling this possible punitive measure is/was for georeferencing of the larger 
properties. Other elements that may influence the pace of georeferencing are the cost 
associated with it, as well as the availability of land surveyors. There are no reports of 
lack of surveyors in the state, and the surveying cost formula commonly used for 
georeferencing estimates is the square root of the area to be measured times the current 
federal minimum wage. It is relatively cheaper to measure larger areas, and considering 
the high land concentration in Mato Grosso state by well capitalized land owners, it is 
unlikely that georeferencing cost played a significant role in the pace of registration in 
the period. 
 
It is possible to identify 3 distinct periods in the figure: from 2004 to 2009, 
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when the number of properties registered remained low due to difficulties of INCRA in 
expeditiously analyzing the incoming certification requests12; the period from 2009 to 
2012, when registration pace increased considerably due to INCRA’s publication of the 
new version of the Regulatory Instruction for georeferencing rural properties, 
simplifying some of the requirements that had to be followed by surveyors13; and the 
period from 2012 onwards, when the introduction of the SIGEF electronic land 
management system allowed for a much faster analysis of possible overlaps between 
private properties in INCRA’s database. As such, it seems that one of the determining 
factors for the pace of certification of georeferenced properties by INCRA has been its 
own (in) ability to effectively meet the demand by landowners. 
12 In interview conducted with INCRA’s Cartography Service in Mato Grosso analyst Marcelo M. G. Silva 
on October 29th, 2014, it was mentioned how meticulous examination of all documentation and 
georeferenced maps by an understaffed INCRA meant that the certification process of a georeferenced 
property lasted, on average, 2 to 3 years. 
13 For example, the signed agreement letter from neighboring properties owners; now, only a list with 
their names is sufficient. 
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Figure 5.3 – Georeferenced rural properties in Mato Grosso according to property size 
Source: author 
 
 When looking at the spatial distribution of the georeferencing registration across 
municipalities in Mato Grosso (Figure 5.4), we observe regional variations. 
Municipalities roughly located in the so-called deforestation arc area--where 
agricultural frontier expansion from the Cerrado to the Amazon biome has been intense 
(refer to Figure 4.1 and Figure 4.2)--have high georeferencing registration rate, ranging 
from 53% up to 87% of lands thought to be private; on the other hand, areas of more 
mature agricultural development located in the Cerrado biome have comparatively low 




The area east of the National Xingu Park (approximately within the circled area 
in Figure 5.4), for instance, has a cluster of municipalities with high georeferencing 
registration rates; this area has become the target of large soybean producers, who 
generally rent the land from cattle ranchers and do all the necessary soil corrections and 
improvements necessary for the mechanized production of soy. According to 
representatives from the local soy producers association14, many of these leaseholders 
cooperate with their lessors to have the properties georeferenced in order to better 
manage the area, or the production arrangements might influence the ownership rights 
situation of the land, making the georeferencing certification a necessity for both the 
lessors and leaseholders. From this, we can hypothesize that where such land use 
changes are less intense, such as the more mature southeast, georeferencing of private 
properties is low.  
14 Interviews conducted with FAMATO’s Environmental Analyst Ms. Lucelia Avi on November 4th 2014 
and APROSOJA’s Planning Manager Mr. Cid Sanches on November 17th 2014 
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Figure 5.4 – Ratio of georeferencing registration 
Source: author 
 
When observing the local variation in livestock and soybeans production 
expansion between 2004 and 2012 (Figure 5.5), we see that out of the municipalities 
located in the circled area in Figure 5.4, Querência (318) and Canarana (243) stand out 
as municipalities where soybeans expansion occurred while bovine herd size decreased. 
More generally, however, we observe a general pattern of high and intermediate high 
levels of georeferencing in municipalities with expansion of both soybeans and 
livestock production in the transition from the Cerrado biome to the Amazon biome, and 




Figure 5.5 Soy beans and cattle expansion in Mato Grosso 
Source:auhor 
 
 This general pattern is better observed in Table 5.4, which presents a 
matrix of economic activity expansion (soybeans plantation and cattle farming) and the 
level of georeferencing, reporting the number of municipalities that fall into each of the 
possible combinations. From Table 5.4, we also observe that by and large, the expansion 
of soy production is associated with intermediate to high georeferencing rates, whereas 
the georeferencing rate tended to be intermediate or lower in municipalities where cattle 
was the economic activity that expanded the most or the sole economic activity. It is 
important to note that a drawback of the present analysis is that it does not take into 
account the magnitude of the economic activity expansion. Furthermore, it is likely that 
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the decision to conduct the georeferencing of the property is based on management 
choices that might become apparent only through interviews with the landowners; 
conducting such interviews during the present research was not possible, but we believe 
they should be conducted in future opportunities. 
Table 5.4 – Distribution of municipalities per economic activity expansion and 
georeferencing between 2004 and 2012 






(5.7 to 22.3) 
Low 
intermediate  
(22.4 to 40.4) 
Intermediate 
 
(40.5 to 53.2) 
High 
intermediate 
(53.3 to 65.3) 
High 
 
(65.4 to 87.4) 
Both 3 7 11 17 11 
Soy  0 5 6 11 4 
Cattle 0 4 9 1 1 
Cattle (no soy) 4 7 7 6 4 
None (no soy) 2 5 1 0 0 
Neither 1 6 5 3 0 
Source: author 
 
Another element that may influence the pace of registration of the 
georeferenced perimeters of private properties is the very problem it seeks to solve, that 
is, overlapping claims. In such areas, many landowners prefer to delay the 
georeferencing of properties so as not to enter into conflict with other land owners. As 
explained by Dalberto (2009), the very institutes and colonizing companies responsible 
for maintaining a cartographic control of the lands for colonization did not keep 
effective control of the boundaries of the lands, so that judicial proceedings to settle 
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ownership issues are very complex and resource-demanding.  
 
To speed up registration pace, it is thus important not only to create greater 
incentives for registration, but also for the government to have the necessary 
institutional structure to meet the increasing demand for registration. Presently, 
properties under 250 hectares are the only ones whose deadlines have not expired, but 
as shown in Figures 5.3, there is a tendency of increasing smaller properties registration. 
According to Law N. 10267 of 2001, the government will bear the costs associated with 
georeferenced measurements for farms under 4 fiscal modules (in Mato Grosso state, 
properties under, on average, 240 hectares). This means that in addition to procedural 
improvements within INCRA to expeditiously certificate the georeferenced information 
provided by landowners of all ranges, authorities need to better coordinate efforts with 
Mato Gosso’s INTERMAT and the old colonization companies to settle overlapping 
ownership claims disputes.   
 
Effect of georeferencing rural properties on deforestation 
 Once a property is registered in the georeferenced cadastre, the unequivocal 
information of its boundaries is known not only to the owner, but also to neighboring 
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land owners and law enforcing agencies. As such, the properties can become the target 
of greater scrutiny in the case of deforestation actions, and one can expect that this will 
serve as deterrence for illegal deforestation. One way to evaluate this proposition is by 
looking at deforestation in georeferenced properties before and after registration. 
 
Table 5.5 shows that, with exception of properties georeferenced in 2004, the 
remaining forested area of georeferenced properties at the time of registration was 
roughly between 30% and 40% of the area of the properties. When one considers that 
the requirements for original forest cover of the property to be protected under the 
Forest Code is 80% of the property area located in the Amazon biome, 30% in those 
located in the Cerrado biome, and 20% elsewhere, the above percentage of remaining 
forests in georeferenced properties is an indication that, a priori, all deforestation that 
occurred after registration is illegal.  
 






 Non-forest and 
waterbody in 
georeferenced areas 
















2004 12,883  0.57 24.08 75.35 3.83 
2005 1,418,041  32.02 30.56 37.42 1.65 
2006 3,496,101  41.51 23.27 35.22 0.87 
2007 192,189  35.91 28.54 35.54 0.09 
2008 857,608  35.74 24.19 40.06 0.27 
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2009 1,271,185  38.57 23.58 37.85 0.27 
2010 1,513,072  36.97 29.6 33.43 0.17 
2011 2,789,845  44.83 24.18 30.99 0.1 
2012 3,659,247  41.69 26.34 31.97 0.06 
Source: author 
 
 Although this high level of non-compliance is appalling, it is necessary to point 
out that land owners in Mato Grosso faced for a long time a legal ambiguity about the 
limits of the Legal Reserve in many areas of the state, in the so-called transition forests 
located between the Amazon and Cerrado biomes. Mato Grosso state Supplementary 
Law N.38 of 1995 established the maintenance of forest cover in these areas to be of at 
least 50% of the area of the property. This percentage was in accord with what was 
required by the Federal Forest Law in effect then, but the enactment of Provisional 
Measure 1511 of 1996, raised the percentage of Legal Reserve in properties located in 
the Amazon biome to 80%. Ambiguity about the nature of transition forests (part of the 
Amazon biome or a different category of biome) led many producers to convert forest in 
those areas to other uses, with the endorsement of the state environmental agency (ISA 
and ICV 2006). It was only in 2004 that the Office of the Solicitor-General of the Union 
released a decision confirming the 80% Legal Reserve in transition forests. Considering 
that in 2004 the legal ambiguity was settled, one would expect that any further 




 Given the low percentage of deforestation after registration, one might be 
inclined to conclude that georeferencing is an efficient means to combat deforestation; 
this conclusion is still premature for a number of reasons. Firstly, Mato Grosso’s large 
regional heterogeneity is not captured in the table. Secondly, it is possible that lower 
deforestation percentage after registration is due to the fact that fewer years have passed 
after registration compared to the number of years prior to registration. 
 
In order to tackle the first limitation, Figure 5.5 and Figure 5.6 show, 
respectively, the remaining forested areas in the georeferenced properties and the 
deforestation after registration at the municipal level. 
 
 
In Figure 5.6, we first observe that properties registered in the more remote 
northwest (thick black circle) had remaining forest cover unequivocally within the 
limits of the Forest Code, as municipalities in that region of the state are completely in 
the Amazon biome (refer to Figure 4.1 for a map of the biomes in Mato Grosso). In 
georeferenced properties registered in the central north area of the state (broken-line 
circle in Figure 5.6), remaining forest percentages vary greatly; this area is of particular 
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interest, given that it has been subject to intense deforestation pressure recently from 
soy and beef production from the south. In the southeastern area of the state, we observe 
a low percentage of remaining forest cover in the georeferenced properties. We attribute 
this to the fact that the region as a whole has suffered large amount of forest cover loss 
due to old agricultural and cattle farming expansion, and to the classification of Cerrado 
vegetation in the PRODES monitoring system as non-forest. 
 






Figure 5.7 - Deforestation after registration 
Source: author 
 
 When looking at both Figure 5.6 and Figure 5.7, we see that low deforestation 
after georeferencing in properties located in the southeast is likely due to the fact that 
there was not much forest remaining to be felled after registration, and that any Cerrado 
vegetation is not considered by PRODES to be forest. In other areas of the state, just 
relying on a temporal analysis of deforestation before and after registration is not 
sufficient to assess a possible deterrence effect of georeferencing on deforestation. 
 
We therefore move on to compare the ratio of deforestation over the remaining 
forested areas inside georeferenced properties with the same ratio in properties that are 
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not certified for each year between 2004 and 2013 (the last year of deforestation 
available) across the municipalities in the state. To this means, we considered the total 
number of properties in Mato Grosso to be the total number of properties that were 
georeferenced until February 2015. Next, for every year between 2004 until 2013, we 
compared deforestation inside georeferenced properties and deforestation inside still 
non-georeferenced properties, normalized by the area of remaining forest. Figure 5.8 
shows that in the vast majority of the municipalities, the ratio of deforestation over 
remaining forest was lower in geo-referenced properties.  
 
Figure 5.8 – Deforestation over remaining forest 
Source: author 
 
In order to confirm that the lower deforestation in georeferenced properties is 
indeed due to the georeferencing, a Wilcoxon Signed-Rank Test was also performed. 
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According to Dixon and Massey (1957), the Wilcoxon test is a nonparametric test for 
paired data that, in addition to difference scores and the signs of the differences, also 
takes into account the magnitude of the observed differences. Should there be a 
systematic difference between deforestation in the two types of properties, then most of 
the high ranks will belong to one condition, and most of the low ranks will belong to the 
other condition.  
 
The procedure employed was to organize the data to produce for each 
municipality 9 pairs of ratios, taking the absolute difference for each pair, and omitting 
from consideration the cases where the absolute difference was equal to zero. We than 
ranked the absolute differences, assigning to each rank a “+” or “-“ sign depending on 
the sign of the differences of the pairs. Finally, we summed the respective positive and 
negative ranks, ignoring the number of pairs whose absolute difference was equal to 
zero. The Wilcoxon test W-value is the smaller of the total ranks, and if this W-value is 
smaller than the critical values contained in a table of critical values, then the less likely 
it is that the difference between the types of deforestation occurred by chance. This 
paper used the one-tail table of critical values created by McCornak (1965), using 




 Figure 5.9 shows the spatial distribution of the deterrence effect of 
georeferencing on deforestation. Compared to Figure 5.8, we observe that the deterrence 
effect of georeferencing properties in areas of more intense deforestation pressure is 
more limited when the analysis is based on the Wilcoxon test, and that in the key central 
north region of the state, the deterrence effect is very heterogeneous; among 
municipalities that share similar socio-economic characteristics, municipalities such as 
343 (Sorriso) and 346 (Tapurah) have effective deterrence effect (accompanied by a 
relatively high georeferenced registration rate), whereas immediately north to these 
municipalities there is an arch of other municipalities where no deterrence effect was 
found (Novo Mundo (299), Porto dos Gaúchos (313), Tabaporã (344), Itaúba (270), 
Nova Santa Helena (292), Marcelândia (283)), and further north another belt of 
municipalities where there is evidence that georeferencing private properties has a 




Figure 5.9 – Wilcoxon signed rank test results15 
 Source: author 
 
 Finally, the deforestation deterrence effect of georeferencing might also be 
observed by analyzing the temporal and spatial distribution of fines forest related 
infractions across the georeferenced properties. Table 5.6 reports the results. 
Table 5.6 – Georeferenced fines and georeferenced properties 
Observation type n. observations 
Forest infraction related georeferenced fines (2002-2014) 6578 
Fines in georeferenced properties (2004-2015) 2092 
Fines in georeferenced properties (2004- 2013) 1305 
Georeferenced properties (2004-2013) 10077 
Georeferenced properties (2004-2013) fined 685 
Georeferenced properties (2004-2013) fined after georeferencing 228 
15 N/A indicates municipalities where the number of observations (signed ranks) was not enough to 




                                                             
Fines in georeferenced properties after georeferencing 463 
 Source: author 
 From the above table, we observe that out of the fines issued that have precise 
GPS based coordinates, one third of them is located within properties with GIS 
information certified. When looking at properties georeferenced until 2013, we notice 
that 6.8% of them were fined in the period, but in only 2.3 % of them this fining 
occurred after georeferencing registration. This low percentage must be evaluated with 
care, given the low number of georeferenced fines available; indeed, when we 
remember that the forest related fines dataset used in chapter 3 contains, from the period 
between 2002 and 2013, more than 18000 records, it becomes clear that a more detailed 
spatial analysis combining georeferenced properties and fines issued is not presently 
possible. 
 
 Despite the inability to perform the above mentioned analysis, the other analyses 
conducted in the present chapter provide evidence that the implementation of the GIS 
based land cadastre system has indeed helped reduce deforestation in Mato Grosso State, 
albeit not universally across municipalities. Particularly in the central north region of 
the state, where forest conversion to other types of land use has been intense in the last 
decade, the evidence is mixed. In this region we observe municipalities where 
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deforestation spatial distribution suggests that the implementation of the land cadastre 
had a deterrence effect on deforestation, as well as municipalities where such effect was 










 Among all 9 states of the Brazilian Amazon, Mato Grosso state is where the 
deforestation slowdown occurred more steeply since 2004, at the same time that 
soybeans and bovine livestock production continued to expand. This deforestation 
decrease occurred as a combination of government initiatives that were also 
implemented in other Amazon states within the context of the PPCDAM, as well as 
government command and control actions and market exclusion initiatives that were 
unique to Mato Grosso. Chief among these are the so-called Curupira police operation 
and the so-called Soy Moratorium and Beef Moratorium.  
  
 The Curupira operation was a corruption crackdown operation that resulted not 
only in the dismantling of a far-reaching network of public servants and businessmen 
that were involved in the issuing of fake wood extraction permits, but also in the actual 
termination of the very environmental bureau in Mato Grosso state. Although it is 
difficult to assess the exact impact of the operation on deforestation slowdown, it 
certainly was significant; Pereira et al. (2010) compared the number of wood industries, 
production, and number of jobs generated in the wood extraction industry for the three 
years of 1998, 2004 and 2009, and found an increase from 1998 to 2004, and a steep 
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decrease from 2004 to 2009. The main direct causes of deforestation are cattle ranching 
and agricultural expansion, but the process generally starts with the selective logging 
carried out by logging companies, and in the aftermath of the Curupira operation, even 
companies that operated within the law were affected. 
 
 With regard to market exclusion initiatives, both Soy and Beef moratoria can be 
attributed to the strong criticism major national and multinational companies were 
subjected to with the release of Greenpeace’s reports Eating Up the Amazon 
(Greenpeace International, 2006) and Slaughtering the Amazon (Greenpeace 
International, 2009). These reports linked both the soybean and beef/leather industries 
to illegal deforestation and even the use of slave labor in the Amazon, and resulted in 
major players in the respective industries publically announcing their decision to 
purchase products only from producers who were in compliance with forest legislation 
or working towards it. 
 
 To meet the demands of the major consumers in the industries, the two major 
soybeans processors and exporters associations in Brazil, the Brazilian Association of 
Vegetable Oil Industries and the National Association of Cereal Exporters announced 
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their members would not buy any soybeans produced on Amazon farmland deforested 
after June 24, 2006. In the case of the Beef Moratorium, the report dealt a much wider 
blow, as it denounced not only the ranchers for their role in deforestation, but also the 
banks that financed the conversion of forests into pasture lands, the slaughterhouses that 
bought the meat, and the government policies that subsidized the entire process 
(Boucher et al. 2013). In a similar fashion to the Soy Moratorium, the major 
slaughterhouses and distributors in Brazil announced in July 2009 that they would not 
purchase cattle from ranches that expanded pasture at the expense of the forest. 
 
 Given that the above circumstances were unique to Mato Grosso state, it is 
important to take them into consideration when using the deforestation monitoring and 
control and land management measures implemented within the context of the 
PPCDAM; the Curupira operation is of particular interest for this research, as it resulted 
in institutional changes that directly affected the framework under which forest 
resources were managed in Mato Grosso.  
 
 This chapter will thus analyze the specificities of the deforestation slowdown in 
Mato Grosso by first presenting in Section 2 the background that led to operation 
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Curupira, the institutional changes that followed, and the possible ways in which the 
operation impacted deforestation in the state. In section 3, we discuss the how 
deforestation deterrent and promoting factors interacted in Mato Grosso. Finally in 
Section 4, after briefly presenting the datasets and explaining the choice of some of the 
new explanatory variables, we present and discuss the results of statistical regressions 
performed on a panel data with the 141 municipalities of Mato Grosso for deforestation 
that occurred from 2004 until 2012.  
 
6.2 Curupira special operation and its impacts  
 In addition to the federal environmental agency IBAMA, all states in Brazil also 
have their own environmental agency/bureau, and the one in Mato Grosso is known as 
SEMA-MT (Secretaria Estadual do Meio Ambiente). The establishment of SEMA-MT 
is rather recent, and occurred as the direct result of the discovery in 2005 of a large 
scheme of falsification of wood extraction permits in Mato Grosso perpetrated by the 
local IBAMA Superintendence and by the state environmental agency that preceded 
SEMA-MT, FEMA-MT (Fundação Estadual do Meio Ambiente). 
 
 Until 2005, FEMA-MT acted in Mato Grosso as the state environmental agency 
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responsible for, among others, the environmental licensing of activities that were 
(potentially) polluting, environmental resource intensive, or resulted in degradation of 
the environment. FEMA-MT was also responsible for the administration of state 
conservation areas, and for the monitoring and inspection of environmental infractions. 
According to ISA and ICV (2006), FEMA-MT’s ability to monitor and act upon illegal 
deforestation in Mato Grosso suffered from several shortcomings. In terms of 
monitoring, the fact that the updating of satellite images used for monitoring occurred 
only every 12 months greatly hindered the agency’s ability to promptly act on the 
infraction, as often cases a deforested area would only appear years after the actual 
event. Another shortcoming referred to the number of staff engaged in inspections; 
between 2002 and 2004, the number varied between seven and fifteen staff, far short 
from what was needed. The poor quality of the actual inspections was also a major point 
of concern; even when infractions resulted in notices of infractions, mistakes when 
filling these up resulted in the actual cancelation of the fines. For fines issued in 2004, 
ICV and ISA (2006) show that 68% of them did not have the value of the fine filled in, 
which invariably leads to the cancelation of the fine on the ground that the 
constitutional principles of ample defense rights of the accused were violated (the 





 Corruption within FEMA-MT and IBAMA’s Superintendence in Mato Grosso 
also plagued deforestation control efforts in the state until 2005. In a large-scale police 
operation that attracted wide attention from the media and Brazilian society as a whole, 
IBAMA and the Federal Police uncovered on June 2nd a 14-year long scheme that 
falsified the wood products transportation authorization, and that included logging 
companies, businessmen, brokers, and public servants from FEMA-MT and IBAMA in 
various states of Brazil, most notably in Mato Grosso. This police operation, known in 
Portuguese as Curupira Operation, resulted in 200 people being prosecuted, and another 
80 people, including the president of FEMA-MT and the superintendent of IBAMA in 
Mato Grosso, being arrested. Deeper institutional changes also occurred. At the federal 
level, it accelerated the process of decentralization of the forest management policy, as 
it can be attested by the enactment of the so-called Forest Concession Law (Law 
N.11284/2006), which transferred the authorization of forest exploitation activities 
outside federal forests from IBAMA to states’ environmental bureaus. 
 
 At the state level, the impacts and changes were even more dramatic. Governor 
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Blairo Maggi 16  terminated FEMA-MT and in its stead created a new state 
environmental bureau, SEMA-MT, which became responsible for the coordination and 
implementation of activities related to the state forest policy, including the sanctions for 
infractions. In terms of fine issuing and collection, the procedures followed by SEMA-
MT are similar to the ones followed by IBAMA, but transparency and accessibility to 
information and data concerning them is problematic. Many of the servers where such 
information was stored was apprehended by the Federal Police in the aftermath of the 
Curupira Operation, and difficulties in standardizing internal procedures resulted in 
information about fines prior to 2009 being only available in the original, paper based 
media17. 
 
 In addition to institutional changes in Mato Grosso, the Curupira operation 
resulted in IBAMA suspending the issuing of the wood products transportation 
authorizations for weeks18, directly affecting the wood industry in the state and many 
municipalities that relied on this industry (Figure 6.1).  
16 Blairo Maggi was also the president of the Maggi Group, the largest soy producer in Brazil 
17 Interview with Conservation Units monitoring department chief in November 2014. 
18 On August 18th of 2006, IBAMA introduced a new authorization for the transportation of wood 
products, known as DOF-forest origin document 
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Figure 6.1 – Wood exploitation centers in Mato Grosso 
Source:  adapted from Pereira et al. (2010) 
 
 In an assessment of the wood industry in the Amazon, Pereira et al. (2010) 
showed the variation between 2004 and 2009 of various indicators of the wood industry 
in the Amazon region, and the data for municipalities in Mato Grosso are shown in 
Table6.1 below.  
Table 6.1 – Wood industry trend in Mato Grosso  
1998 2006 2009 



























188 552 740 154 718 872 56 536 592 
Job creation Job creation Job creation 
direct indirect Total direct indirect Total direct indirect Total 
35600 73200  35500 73100  18600 38300  

























10070 3919 38.9 8010 3483 43.5 4004 1795 44.8 
Gross Income  (106 US$ )1 Gross Income  (106 US$ )2 Gross Income  (106 US$ )3 
758.3 673.9 803.2 
 1 exchange rate US$1 = R$1.16 
2 exchange rate US$1 = R$2.92 
3 exchange rate US$1 = R$1.99 
Source: adapted from Pereira et al. (2010) 
 
 When comparing the figures in 2006 and 2009, one sees that after the Curupira 
operation the importance of the wood industry as a provider of employment decreased 
considerably, largely associated to the decrease in the number of sawmills, particularly 
small-scale sawmills. The increase in the gross income of the industry can be attributed 
not only to exchange rate variations, but also to a decrease in competition, which may 





 Concerning the operation of the wood industry in Mato Grosso, Monteiro et al. 
(2010) and Monteiro et al. (2012, unpublished) used remote sensing techniques to show 
a consistent decrease between 2008 and 2011 in both authorized and unauthorized wood 
extraction operations in the state. In 2008 and 2011 wood exploration total areas were 
227 thousand hectares and 165 thousand hectares, and out of these unauthorized 
exploration accounted for 55.1% and 39.6% respectively. While the decrease in 
unauthorized exploration is welcome, Monteiro et al. (2012, unpublished) showed that 
even among the authorized wood exploration sites, low quality exploration sites still 
accounted for 34 thousand hectares. The problem with low quality wood exploration 
activities is that it leads to forest degradation through damage in the remaining trees and 
through oversized roads 
  
 During field research of the author to the municipality of Alta Floresta anecdotal 
evidence was gathered through interviews with various local producers, who reported a 
large change in the perception of society towards their role in the development process 
of the municipality. Like many municipalities in Mato Grosso, Alta Floresta is a 
relatively young city, with the first settlers establishing the city in the early 1980s. In the 
beginning of the expansion process of the city, most settlers considered themselves as 
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“development agents”, and following development patterns common at the time, saw 
wood extraction and forest conversion to other types of land use as the only way to 
bring about wealth and economic development.  From the beginning of the 2000s, and 
particularly after the Curupira operation, the same settlers complained of now being 
considered to be “environmental criminals“, whose livelihoods were greatly and 
negatively impacted in the name of an environmental protection that did not guarantee 
economic development for them. An analysis based on structured interviews with 
producers who were directly affected by the Curupira operation would provide valuable 
insights on changes towards law compliance in Mato Grosso, and we believe this should 
be the focus of future research. 
 
 Additionally, once the data becomes available, an analysis on the spatial 
distribution of fines issued by SEMA-MT and how these reinforce the monitoring and 
inspection activities carried out by IBAMA should also be carried out. Perhaps even 
more importantly, an institutional analysis on the interactions between IBAMA and 





6.3 A deforestation model in Mato Grosso 
Similar to Figure 1.1, Figure 6.2 below shows the variation of deforestation in 
Mato Grosso from 2003 until 2012 and the main direct drives of deforestation, namely 
bovine cattle and soy production. Additionally, the graph shows the variation of 
deforestation deterrent elements, namely the ability to actually spot and act upon an 
illegal deforestation activity (number of infractions), the magnitude of the sanction 
applied for the illegal act (average fine), and efforts to improve land management 
(public protected areas and georeferenced private properties).  
 
*Note: beef price and soy price displayed to secondary vertical axis. 
Figure 6.2 – Deforestation, causes and deterrents in Mato Grosso (2003 to 2012) 
Source: organized by author, based on data sets in Table 6.2 and AGROLINK (2014) 
  
 When looking at the direct causes of deforestation, we observe that the growth 
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of the bovine herd has been very gradual throughout the period, whereas the variation in 
the area of soy harvested varied more considerably. In 2005, one year after the 
implementation of the PPCDAM, the harvested area of soy beans had still increased 
compared to the previous year, but two elements seem to have played an important role 
in the decrease observed between 2005 and 2007: domestically, the Soy Moratorium in 
2006, and internationally, a significant drop in the international prices caused by a large 
soybean harvest in the US in 2005 and 2006 (Schesinger 2008).  
 
 The impact of initiatives that that led to excluding some producers from the 
market lie beyond the scope of the present research, but it is important to point out that 
while it is too early to evaluate the effects of the Beef Moratorium on deforestation, a 
growing number of studies have concluded that the effects of the Soy Moratorium have 
been positive in deterring deforestation in properties whose production targeted to the 
international market (Rudorff et al. 2011; Rudorff et al. 2012). 
 
With regard to the soy price variation in Mato Grosso, it is important to point out 
an influential research conducted by Sousa et al. (2014), who decomposed the price 
variation into three main categories, namely the effect of the international prices, the 
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effect of exchange rate, and the “domestic (national) effect”. According to the authors, 
the effect of the international prices were the main responsible for local price variation 
in 6 of the 10 years between 2003 and 2012, having a decisive negative impact on local 
prices in 2005; in 2009 international prices were also very low, but the negative impact 
was offset by the domestic market, which suffered comparatively milder impact from 
the international financial crisis. It is also worth noticing that with the exception of 2009 
and 2012, the “domestic effect” component of the soy price in Mato Grosso was 
negative for all years since 2003, highlighting the unfavorable logistics conditions in the 
country and lack of policies directed to the soybean industry (Sousa et al, 2014). With 
regard to the beef price variation, Zen et al. (2008) report an increase in both the 
domestic per capita beef consumption and on the share of beef exports, but studies on 
what elements affect beef prices are scanty.  
  
 When turning our attention to deforestation deterrent elements, it is initially 
possible to see a significant increase in the establishment of public protected areas 
between 2005 and 2007. Georeferencing of private properties, which was shown in the 
previous chapter to have an impact on deforestation, has shown a particularly large 
increase in the later part of the period of analysis. Concerning the value of fines, we 
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observe a tendency of increasing average value, with significant yearly variation. 
Finally, the graph also indicates a positive correlation between the number of infractions 
issued and deforestation, although it is also possible to see a surge of 17% of fines issue 
in 2005 compared to 2004, and another surge of 18% of fines issued in 2008 compared 
to 2007. 
 
 Given the fact that Mato Grosso state is not fully in the Amazon biome, but 
rather has large areas which are considered by the present satellite monitoring system to 
be non-forest, and given that the production of soy does not occur in all municipalities, 
it is essential to take into consideration regional variations when assessing the interplay 
between deforestation drives and deterrent factors. Moreover, concerning the latter, 
embargos of properties are administrative sanctions whose implementation has 
increased in the state, and their direct economic impact is expected to reinforce other 
deterrence mechanisms. Finally, confiscation of production and means of production is 
another form of administrative sanction that can be imposed by IBAMA. In the next 
section, we carry out a regression analysis to assess how the diverse explanatory 
variables interacted to decrease deforestation across the municipalities from 2004 
onwards.   
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6.4 Methods, Results and Discussion 
 The datasets used for the regression model in this section are summarized in 
Table 6.2. 
Table 6.2- Datasets used in Chapter 6 
Variable Source 






Soy harvest area IBGE – Producao Agricola Municipal  
(http://www.ibge.gov.br/home/estatistica/pesquisas/pesquisa_resultados.ph
p?id_pesquisa=44) 
Bovine cattle herd IBGE – Producao da Pecuaria Municipal 
(http://www.ibge.gov.br/home/estatistica/pesquisas/pesquisa_resultados.ph
p?id_pesquisa=21) 
Conservation Units  SEMA-MT 
(http://www.sema.mt.gov.br/) 
Indigenous Lands FUNAI 
(http://www.funai.gov.br/index.php/shape) 








Confiscation MT IBAMA-MT 
(direct request) 
 
With regard to the direct causes of deforestation, the yearly variation in the area 
of planted soy and the yearly variation in the number of cattle heads were chosen, 
following the same considerations presented in Chapter 3. 
 
 With regard to administrative sanctions applied by IBAMA against illegal 
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deforestation, in addition to the average value of fines, the total number of fines was 
also included in the model as an explanatory variable; unlike Figure 3.34 and Figure 3.4, 
in Figure 6.2 the relation between the number of fines issued and deforestation in the 
period is not very clear, suggesting the possibility that, when controlling for 
municipalities, a negative correlation between the two variables might be uncovered. In 
Chapter 4 of the present research, it was shown that embargoes are an effective form of 
sanction against illegal deforestation, and as such we incorporate them as an 
explanatory variable. Finally, the confiscation of production or means of production is 
also expected to have a direct economic impact on the forest law offender. The 
confiscation dataset consists of 9519 records of the so-called Term of Confiscation, 
which contain information such as the type of infraction, the date of the confiscation, 
description of confiscated goods (trucks, extracted wood, chainsaws, etc), and their 
monetary value. For the period of 2003-2012, there are 6287 records for flora related 
infractions, but because many records were incomplete (no description of what goods 
were confiscated, or no monetary value), a total of 2205 records with complete 
monetary value information was considered, and we used the value of the confiscation 




 Finally, as government initiatives towards better land management, we used the 
accumulated area of protected areas (indigenous lands and conservation units) and the 
accumulated area of georeferenced private properties. 
 
 Given thus the above consideration on the choice of deforestation explanatory 
variables, the two fixed effect regressions were carried out, one with explanatory 
variables explaining current deforestation, and another where 1-year-lagged variables 
explained deforestation. Table 6.3 summarizes the results. 
 
Table 6.3- Regression results 
Explanatory variables 
Fixed Effect Distributed Lag Fixed Effect 
Estimate Pr(>|t|) Significance Estimate Pr(>|t|) Significance 
(intercept) 2.802e+02 0.826265 
 
2.658e+02 0.833886  
Cattle 1.565e-02 0.009292 ** 1.562e-02 0.008896 ** 
Cattle lag 
   
1.281e-02 0.027794 * 
Soy (ha) 1.272e-03 0.701439 
 
2.171e-03 0.521609 
 Soy lag (ha) 
   
1.693e-03 0.633078 
 Infraction -1.645e-01 0.978022 
 
7.211e+00 0.332963 
 Infraction lag 
   
-1.326e+01 0.029028 * 
Average fine  -2.706e-04 0.018863 * -3.121e-04 0.006571 ** 
Average fine lag     -1.597e-04 0.162191  
Confiscation  -7.898e-04 0.004380 ** -1.009e-03 0.000331 *** 
Confiscation lag  
   
-3.734e-06 0.989537 
 Embargo  -1.070e+02 2.52e-11 *** -1.047e+02 0.000309 *** 
Embargo lag 
   
1.472e+01 0.616615 
 Geo property -3.796e-02 < 2e-16 *** -3.075e-02 8.10e-08 *** 
Geo property 
   
-5.288e-03 0.423757 
 Public Protected Area -1.180e-02 8.75e-06 *** -9.318e-03 0.020852 * 
Public Protected Area 
   
-3.914e-03 0.279882 
 Priority municipality -5.598e+03 3.02e-15 *** -2.569e+03 0.004979 ** 
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Priority Municipality lag 
   
-4.636e+03 1.87e-06 *** 
       
R squared 0.6773 0.6883 
Adjusted R squared 0.6343 0.6439 
Degrees of freedom 1119 1110 
p-value < 2.2e-16 < 2.2e-16 
Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Source: author 
 
 Focusing our attention initially on the direct drives of deforestation in the period, 
we observe that in both models cattle expansion was the main cause of deforestation, 
whereas soy expansion contribution was not statistically significant. From this result, 
we can hypothesize that the recent soy production increase has occurred not at the 
expense of forest conversion, but rather through improvements in production, or by 
planting in areas that had been previously deforested and that were underused. Another 
possibility is the actual expansion of soy production areas on pasture lands, either by 
cattle ranchers who relocated the cattle to a smaller area of the farm and by themselves 
planted soy in the opened up area, or through land leasing, where cattle rancher lease a 
portion of their land to soy producers who pay the lease with a part of the harvested soy 
beans. On the other hand, the increase in cattle herdsize did not occur so much in the 





 Turning our attention now to the role of fines as deterrents of deforestation, the 
results confirm some of the findings of chapter 3, showing that the magnitude of fines 
have a strong negative impact on deforestation; however, the number of fines issued 
also have a statistically significant future deforestation deterrence effect. This may be an 
indicator that the actual presence of inspectors in one year at a certain area issuing fines 
has a deterrent effect on the behaviors of both the producer finned and on other 
producers nearby who would have incurred in illegal deforestation activity otherwise. 
Without the actual GPS coordinate of the fine issued, however, it is not possible to 
categorically affirm that the slowdown deforestation in the year immediately after the 
issuing of the fine occurred due to the fine itself; the deforestation slowdown may as 
well have occurred due to the fact that there was no more forest left to fell in the 
property of the producer who was fined or in the surrounding areas.  
 
 When looking at the two other forms of administrative sanctions imposed, 
namely the number of embargoes and the value of confiscation, we find that they also 
had a significant impact on deforestation. It is worth noticing the magnitude of the 
impact of the imposition of embargoes on deforestation; one embargoed property is 
associated with a deforestation decrease of roughly 100 ha. It is also important to point 
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out that despite lack of data prior to 2006, embargoes had been used as a form of 
administrative sanction since at least 1998. As such, it is likely that their impact on 
deforestation was even higher than the value of the coefficients in the models. 
 
 The increase in the area of conservation units and of indigenous lands was also 
an efficient strategy towards less deforestation in the state. As shown by Nunes (2010) 
the magnitude of deforestation inside public protected areas is generally lower than 
outside its borders, even in areas of high deforestation pressure. With its dynamic and 
highly influential agribusiness sector, the creation of new protected areas in the state 
often suffers great resistance from the established agribusiness economic interests, but 
once these are overcome, the contribution of protected areas against deforestation is 
undeniable. We believe the strong negative correlation found is directly related to the 
sharp increase of 20% in protected areas between 2005 and 2007, particularly the 
establishment of indigenous lands in the municipalities of Matupa (284), Tabaporã (344), 
Apiacás (226) and Colniza (250). 
 
 Although georeferencing private properties was conceived and implemented first 
and foremost as a strategy towards better rural property land management system, the 
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Chapter 5 showed that georeferenced properties experience comparatively less 
deforestation than in non-georeferenced properties. We are aware that the decision to 
continue illegal deforestation or not in these georeferenced properties is not taken solely 
based on the easiness of monitoring such properties eventually become subject to, but 
we believe the comparatively lower deforestation in these properties is evidence of 
some form of deterrence effect of georeferencing, which is corroborated by statistically 
significant regression results. 
 
 The introduction of the dummy variable to isolate the so-called priority 
municipalities confirms that the above monitoring and deforestation control measures 
were particularly efficient in this group. In a similar fashion, controlling for 
municipalities also allowed us to see in which municipalities the regression model was 
able to explain the variations in deforestation. Figure 6.3, which shows the statistical 





Significance codes akin to regression results table 6.3 




In the majority of municipalities located in the southern part of the state, change 
in vegetation cover, if occurred, was not captured  by the model; we attribute this to the 
fact that most of the region is in the Cerrado biome, an area whose vegetation cover is 
considered as “not-forest” in PRODES monitoring program. Furthermore, this area has 
experienced land cover change prior to 1989, when satellite monitoring of the Amazon 
began, so much of the area is old pasture land or plantation area.  
 
Another large area where municipalities estimates were not statistically 
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significant is in the central-north portion of the state, where Carlinda (244), Nova 
Guarita (355), Terra Nova do Norte (347) and Colíder (249) are located. Although we 
are not entirely certain why these results were encountered, we assume they may be 
related to the fact that these municipalities, which contain large areas of agrarian reform 
settlements, face the influence of additional factors not captured by the present model 
that characterize the region as a center of socio-environmental conflict in Mato Grosso 
(Silva and Sato, 2012).  
 
 With regard to the lagged deforestation deterrent variables, with the notable 
exception of the number of infractions, the fact that most of them were generally not 
statistically significant indicates that the various measures against deforestation were 
not implemented evenly across the years, but rather responded to elements that were not 
captured by the regression models, such as budget constraints, administrative changes 
caused by elections, etc. Nevertheless, all the models have an adjusted R-square higher 
than 0.6, indicating that the set of variables used to explain deforestation have a 









 Deforestation in the Brazilian Amazon is a complex and dynamic process, where 
economic development initiatives, land (ownership) rights, institutional contradictions 
and conservation efforts have interacted intensively in the past 50 years to produce an 
outcome whose evaluation differs considerably depending on one’s point of view. The 
eastern and most notably the southern part of the region have developed into one of the 
main centers for the production of commodities highly valued in the domestic and 
international market, namely soy beans and beef. The agribusiness sector of the 
Brazilian economy has crucial importance to the country not so much in terms of GDP 
share, but most importantly in terms of trade balance. 
 
 The expansion of agribusiness, as well as of the less “professional” and more 
traditional agricultural and cattle ranching, occurred as a central component of the 
Brazilian strategy to colonize this large region of the country, which despite the 
presence of indigenous populations, was considered by many government authorities to 
be a “demographic void”. However, the inability of governmental agencies in keeping 
track of land use and ownership issues during this occupation period resulted in land 
conflicts among large-scale farmers, small-scale farmers and landless farmers, and the 





 As the main occupation inducing agent, the Brazilian government often faced 
economic obstacles when playing a more direct role in the occupation and development 
of the region; often times it relied on large and well organized capitalized farmers to 
develop the region, in a process that invariably required deforestation. As a means to 
control the level of deforestation and, to a large extent, in the wake of a more 
sustainable economic development called for by an international movement crystallized 
in the Stockholm 1972 Conference, various environmental legislations were enacted in 
Brazil. The difficulties faced by the government to enforce forest conservation 
requirements present in these laws in public and private land in the central and north 
areas of Brazil, as well as the strong political economy of the so-called “ruralist 
contingent19” in the Brazilian Congress, resulted in forest conservation requirements 
being often times disrespected, to the extent that the total area of Amazon forest loss is 
roughly equivalent to two times the area of Japan. 
 
 While international outcry for deforestation in the Amazon was strong already in 
19 Law makers who defend the interests of large farmers 
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the late 1980s, the relation between deforestation and the problem of global warming 
brought into evidence during discussions that resulted in the Kyoto Protocol furthered 
international concern about Brazil’s (in)ability to manage the last contiguous tropical 
humid forest in the world. At the same time, the acknowledgement of newly elected 
authorities that the economic benefits brought about by the expansion of agriculture and 
cattle in the Amazon came at the expense of an unacceptably high environmental 
damage, that its reasons were largely due to the government inability to effectively 
implement its own law and regulations, and that if no decisive steps were taken 
deforestation would remain high, led to the implementation of the first integrated, inter-
ministerial effort to combat deforestation. 
 
 After the implementation of the PPCDAM, deforestation in the Amazon dropped 
considerably; from more than 27000 km2 in 2004 to less than 5000 km2 in 2012. Along 
with the growing literature that discusses the role of elements outside the government 
initiatives that reinforced the efforts of the government, such as the role played by 
independent economic and market forces, an even larger body of literature that focuses 
analyses on the activities taken with the scope of the PPCDAM is emerging. Given that 
the deforestation slowdown is a very recent event, one is not surprised to see that 
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various knowledge gaps remain. The present research aimed to be a contribution 
towards filling such knowledge gaps by focusing analyses on actual implementation of 
sanctions against non-compliance with forest law, as well as analyses on administrative 
initiatives to improve land management capabilities, an important element in the 
complex dynamics of Amazon deforestation. 
 
 In this thesis, after providing a review on the theory of law enforcement, 
property rights and access to the commons (Chapter 1), we reviewed the patterns of 
occupation and development of the Amazon region as a whole, and of Mato Grosso 
state in particular (Chapter 2). When moving to the analysis of some of the actions taken 
within the PPCDAM, the first level of analysis focused primarily on the role of fines on 
deforestation at the state level (Chapter 3). Previous studies have generally attributed 
the deforestation slowdown since 2005 to an increase, or at least a surge, in the number 
of fines issued for forest infractions. This increased number of fines is generally equated 
to strengthened efforts by authorities to act on illegal acts, in an effort to “make the 
presence of the State felt more strongly” in the Amazon. The increase in the number of 
fines was made possible by the introduction of a faster deforestation satellite detection 
system, which allowed authorities to detect more illegal acts, inspect the sites and thus 
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issue more fines. Using public datasets on environmental fines, we assessed this 
proposition, but found no significant increase in the number of fines being related to the 
deforestation slowdown in the states of the Amazon region. Rather, we identified a 
surge in the total value of fines, indicating that the average value of fines for forest 
infractions increased considerably during the period. A legislation analysis showed that 
the government modified legislation to punish environmental crimes more heavily. 
From these two facts, we inferred that government efforts put more weight on 
increasing the magnitude of the punishment for illegal deforestation than on increasing 
the number of inspections and fines, in a strategy that follows the basic law enforcement 
model proposed by Gary Becker in 1974. Different regression models were used to 
confirm and estimate the impact that fines had on deforestation, and while results did 
confirm the impact, assessing their impact proved more problematic. The difficulty 
arose from the fact that while Becker considered that detection entails enforcement of 
the sanction, we found that in the case of fines, Brazilian authorities have not been able 
to effectively collect the values issued due, in great part, to institutional arrangements 
that facilitate the postponement or even avoidance of the payment of fines. This in turn 




 The diminished impact of fines encouraged us to look for other sanctions that 
caused a change in the behavior of both large- and small-scale farmers in regard to 
forest conservation. The embargoes of land properties are an administrative tool at the 
disposal of federal and state environmental agencies to combat deforestation that was 
strengthened during the PPCDAM. By creating a public list of the embargoed properties, 
denying them official rural credit, and preventing the sale of the produce, the economic 
impact on potential law offenders is expected to make them refrain from conducting 
illegal deforestation. We conducted in Chapter 4 a series of GIS temporal and spatial 
analyses to assess such possible effect in the state of Mato Grosso, where most of the 
deforestation drop in the period occurred. We first developed a methodology to analyze 
what we termed “embargo deterrence distance”, a distance from the embargoed area 
wherein no deforestation occurred in the year immediately after the imposition of the 
embargo. After finding that for most municipalities the imposition of embargoes did 
prevent future deforestation in the neighboring areas of the embargoed property, we 
turned our attention to the embargo deterrence effect inside the embargoed property. 
Using a growing, yet incomplete rural property land cadastre dataset, we identified the 
borders of the embargoed properties, and calculated the percentage forest loss in these 
properties before and after the imposition of the embargo. Results showed that for more 
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than 60% of the embargoed properties used in the sample, no forest loss was measured 
after the embargo. In only 10% of the properties forest loss was measured in the years 
immediately after the embargo. These results showed that the imposition of embargoes 
was an effective tool towards better deforestation control since 2005. To our knowledge, 
the analyses performed were the first in the academic literature to use embargoes. While 
we are aware that some of them need further fine-tuning, particularly with regard to the 
role of multiple embargoes on deterring future deforestation, as well as the extent to 
which the scale of the economic activity conducted in the property prior to the embargo 
might affect the range of the deterrence effect, we consider the analyses to be highly 
original and an important academic contribution. 
 
 In addition to administrative sanctions against illegal deforestation, efforts by 
the government to control deforestation also focused on improved territorial 
management. Since 2004 a reliable, GIS based rural land cadastre has been 
implemented in Brazil, and the clarification of borders of rural properties is thought to 
be an important element towards forest law compliance, as landowners’ obligations 
towards forest conservation are directly dependant on the location and area of their 
properties. In Chapter 5 we performed GIS based analyses to display a snapshot of the 
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present land ownership situation in Mato Grosso state, showing that as of February 
2015, still 38% of the area of the state thought to be privately owned had properties 
without georeferenced information registered in the land cadastre. We then moved on to 
analyze the extent of forest loss in georeferenced properties after they were recorded in 
the land cadastre, and observed that georeferenced properties generally kept more of 
their remaining forests intact when compared to non-georeferenced properties. This 
effect, however, was not even across municipalities in the state; particularly in the key 
central-north area of the state, where deforestation pressure was the most intense, 
georeferenced properties also had a high level of forest loss. These findings indicate that 
there are many factors influencing the decision of a landowner to comply with forest 
law, and georeferencing is but one of them. Attempts to examine the extent of spatial 
correlation between the imposition of fines for illegal deforestation and georeferencing 
were also conducted, but incompleteness of the data (GPS coordinate of fines) 
prevented a fine analysis; nevertheless, similarly to the analyzes on embargoes 
performed in Chapter 4, the present research is a pioneer in the analysis of deforestation 
using a georeferenced land cadastre in Brazil. 
 
 Finally in Chapter 6 we combined the findings of Chapter 3, 4 and 5 to assess 
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how the interaction between administrative sanctions and measures to clarify 
landownership impacted deforestation in Mato Grosso, in an environment where the 
direct causes of deforestation, that is soy beans and cattle expansion, continued in the 
period. A regression analysis was conducted where, in addition to fines and embargoes 
as administrative coercion mechanisms, the confiscation of means used in illegal 
deforestation and the products derived from deforestation was also taken into 
consideration. Further still, the accumulated area of protected areas was used as a proxy 
for efforts to improve public land management, and a dummy variable to isolate priority 
municipalities targeted for stricter deforestation monitoring and control efforts was also 
introduced. A standard OLS fixed effect regression and a distributed lag fixed effect 
model were used. 
 
 When controlling for municipal differences, we find that the above mentioned 
confiscation, the imposition of embargoes, and the magnitude of fines are all 
statistically significant deforestation deterrent mechanisms. The number of fines, which 
when analyzed solely at the state level was found to be positively correlated with 
deforestation, was found to be negatively correlated with future deforestation when 
controlling for municipalities. From this finding we can infer that once an illegal 
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deforestation action occurs and is detected and sanctioned, the offender may feel 
compelled to abide by the law and may not continue with deforestation in the following 
year. On the other hand, it can also be argued that future deforestation would not occur 
simply because there was no forest left to fell. To assess which of the two actually 
occurred, the geographic coordinates of the fines are essential information, but they are 
not available, thus preventing a definite direct answer. With regard to the deforestation 
deterrents that rely on land border clarification, namely embargoes, georeferenced 
properties and the establishment of public protected areas (shown in previous studies to 
be effective against deforestation), we can be more certain that the statistical 
significance of the deterrence effect found in the regressions reflects the actual effect on 
the ground. This is because once we knew when private properties changed their status 
(i.e., from non-georeferenced to georeferenced, or not embargoed to embargoed), we 
were able to take advantage of the fact that the deforestation data is a satellite 
monitoring of land cover change, and performed before/after analyzes of deforestation 
changes within the known borders of the properties. 
 
 The results of the present research have important implications for the academic 
community and for policy makers alike. The present research relied on Becker’s basic 
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law enforcement theory to assess, from an instrumental standpoint, whether increased 
probability of detection of illegal deforestation combined with heavier punishment 
caused producers to change their deep-rooted behavior of expanding commodities 
production at the expense of forests in a mostly illegal manner. Echoing previous 
studies, we observed the limits of setting fines “too” high, because high fines allowed 
offenders to have more instances of appeal, further lengthening an already excessively 
long fine collection process. In Mato Grosso, confiscations and embargoes have a more 
immediate economic impact on the law offender, but when comparing the number of 
embargoes imposed or the number of confiscations, they are in much less number than 
fines.  
 
 It seems clear that other factors not captured in our analysis also played 
important roles, such as domestic and international economic fluctuations, pressure 
from the civil society (particularly in the case of soy beans production), and how NGO 
and other stakeholders interacted with producers and authorities to promote higher 
levels of law compliance among producers. One element that is very difficult to model 
statistically, but which we believe played a central role, is the quality of field 
inspections. During my field trips, anecdotal information on how there was a much 
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more visible “show of force” of law enforcing agents during inspections suggests the 
need for further research focusing not only on the amount of law enforcement but on its 
quality. Also, qualitative research on the perceptions of producers towards law 
enforcement after 2004 could provide important insights on what caused producers 
behavior to change, and how the process occurred. 
 
 For policy makers, one of the most pressing issues is the need to take decisive 
steps to speed up the fines collection process, so as to combat the sense of impunity that 
naturally arises when law enforcement is imperfect. Administrative steps within 
IBAMA have been taken towards this objective, but presently their effect is not 
reflected in higher fine collection. Also improved coordination with other government 
bodies whose scope of action is related to forest conservation efforts is necessary. 
During interviews with INCRA officials it was evident that the rural land cadastre is an 
important territorial management tool that IBAMA officials were not using as 
effectively as they could; for example, a better use of the land cadastre could help tackle 
the often mentioned, but very difficult to measure problem of assigning responsibility to 
the actual landowner of the deforested area, and not to mere land workers who often 
cases just follow orders from the landowner to conduct the illegal deforestation action.  
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 The present study made an important contribution towards better understanding 
how the interaction of deforestation causative factors and deterrent factors resulted in a 
large deforestation decrease in the Brazilian Amazon, particularly in the Southern 
Amazon state of Mato Grosso. This was done by analyzing previously unavailable data 
and by developing original methodologies to assess the effectiveness of administrative 
sanctions against illegal deforestation. Nevertheless, knowledge gaps still remain. 
Furthering our understanding of how Brazil has managed to control deforestation while 
increasing production of agricultural commodities to meet increasing domestic and 
international demand is important not only to prevent any possible deforestation 
rebounds, but also to provide insight to apply the successful measures to other tropical 
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APPENDIX 1 – Environmental and Rural Property related Legislation and 
Regulation 
 
Legislation name date Main content (with regard to the present research) 
Law N. 601 (Land 
Statue of 1850) 
Set/1850 Defines land purchase as the only form to acquire land, and 
abolishes the sesmaria system 
Law N. 3071 
(Civil Code) 
Jan/1916 Sets rules on the registration of properties and land titles 
Decree N. 12343 Jan/1917 Regulates the rules set in Law 3071 with regard to 
registration of real estates 
Decree N. 23793 
(Forest Law of 
1934) 
Jan/1934 Establishes the basic forest law 
Constitution 1946 Set/1946 Federal government to invest >=3% of revenue for the 
development of the Amazon region for 20 years 
Law N. 4504 
(Land Statue of 
1964) 
Nov/1964 Revokes Law 601 of 1850 
Establishes the Cadastro de Imovies Rurais (Portuguese for 
Rural Estates Cadastre) 
Official and private colonization valid forms of acquiring 
land  
Law N. 4771 
(Forest Law of 
1965) 
Set/1965 Revokes Decree 23793 
Establishes obligation for all rural private landholdings to 
keep original vegetation in the form of APPs(Areas of 
Permanent Protection) around water bodies and on hilly 
areas, and LR (Legal Reserve), whose percentage varied 
according to biome. 
Law N. 4947 Apr 1966 To force registration in the Rural Estates Cadastre 
established in Law 4504 of 1964, creates the Certificado de 
Cadastro de Imoveis Rurais (Certificate of Rural Estates 
Cadastre), making it indispensible for any type of land 
transaction, 
Law N.5173 Oct/1966 Establishment of SUDAM (Superintendencia para o 
Desenvolvimento da Amazonia), the Amazon economic 
development agency 
Law N. 5365 Dec/1967 Establishment of SUDECO (Superintendencia para o 
Desenvolvimento do Centro-Oeste), the Central-West 
Region economic developement agency 
Decree N. 1110 Jul/1970 Establishes INCRA (Insituto Nacional de Colonização e 
Reforma Agrária), the agrarian reform and colonization 
agency 
Law N. 6015 (Law 
of Public 
Registries) 
Dec/1973 Defines what elements should be present in the registration 
of rural private properties 
Law N. 6938 Aug/1980 Establishes the Politica Nacional do Meio Ambiente, the 
national environmental policy 
Law N. 7735 Feb/1989 Establishes IBAMA as the federal environmental agency 




Law N. 7803 Jul/1989 Alters Law 4771 of 1965 by making compulsory the 
registration of LR information on the registry sheet of 
private properties (as defined by Law 6015 of 1973) 
Law N. 8005 Mar/1990 Regulates procedures related to the collection of fines by 
IBAMA 
Complementary 
Law (Mato Grosso 
State Law) N. 38 
Nov/1995 Establishes Mato Grosso State Environmental Policy 
Defines the percentage of Legal Reserve of rural properties 
located in the so-called transition forest to be 50% of the 
property area. Later ruled down by federal decision.  
Provisory Act N. 
1511 
Jul/1996 Increases the percentage of LR in the Amazon biome from 
50% to 80% of property area 
Law N. 9605 
(Environmental 
Crimes Law) 
Feb/1998 Establishes penal and administrative sanctions for 
environmental crimes) 
Decree N. 3179 Set/1999 Regulates the level of punishment set in the Environmental 
Crimes Law 
Law N. 9985  Jul/2000 Establishes the SNUC-Sistema Nacional de Unidades de 
Conservacao (National System of Nature’s Conservation 
Units), with criteria and norms for the creation, 
implementation and management of conservation units. 
Law N.10267 Aug 2001 Changes one article in Law 6015, making the addition of 
geographic coordinated to the description of rural 
properties compulsory 
Decree N.4449 Oct/2002 Sets deadlines for georeferencing private properties as 
required by Law N.10267 of 2001 
IBAMA Normative 
Instruction N. 8 
Set/2003 Internal procedures by IBAMA related to the application of 
administrative sanctions 
Complementary 
Law (Mato Grosso 
State Law) N. 214 
June/2005 Terminates FEMA-MT and creates SEMA-MT 
Decree N. 5570 Oct/2005 Alters deadlines for georeferencing private properties set in 
Decree N.4449 
INCRA to report monthly to Land Registry Offices on 
changes in georeferenced rural properties polygons 




Mar/2006 Defines rules for concession of public forest for the 
exploration of natural resources therein by the private 
sector. 
Law N. 11516 Aug/2007 Creates Instituto Chico Mendes as the federal conservation 
units management industry responsible for the 
implementation of the national policy on conservation units 
(defined in Law 9985 of 2000), taking away from IBAMA 
such function. 
Decree N. 6321 Dec/2007 Creates a list of priority municipalities for stricter 
deforestation control measures. 
Embargoed properties not eligible for government rural 
credit 
Decree N. 6514 Jul/2008 Revokes Decree 3179  
Alters the level of punishment for forest related infractions 
set in  the Environmental Crimes Law Sets deadlines for 
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registration of Legal Reserves in properties registry sheets 
(as defined by Law 6015 of 1973) and sanctions in case of 
non-compliance 
INCRA Execution 
Norm N. 80 
Jan/2009 Establishes the Rotina para Certificação e Atualização 
Cadastral de Imóveis Rurais (Routine for the Certification 
and Updating of Rural Properties Cadastre) 
IBAMA Normative 
Instruction N. 14 
May/2009 Internal procedures by IBAMA related to the application of 
administrative sanctions 
Law N. 12187 Dec/2009 Establishes National Policy on Climate Change 
Decree N. 7620 Nov/2011 Alters deadlines for georeferencing private properties set in 
Decree N. 5570 
IBAMA Normative 
Instruction N. 10 
Dec/2012 Internal procedures by IBAMA related to the application of 
administrative sanctions 
Law N. 12651 
(Forest Code of 
2012) 





APPENDIX 2 – List of municipalities in Mato Grosso 
Municipality ID Municipality ID 
ACORIZAL 218 NOVA BANDEIRANTES 289 
AGUA BOA 219 NOVA BRASILANDIA 293 
ALTA FLORESTA 220 NOVA CANAA DO NORTE 294 
ALTO ARAGUAIA 221 NOVA GUARITA 355 
ALTO BOA VISTA 222 NOVA LACERDA 291 
ALTO GARCAS 223 NOVA MARILANDIA 356 
ALTO PARAGUAI 224 NOVA MARINGA 357 
ALTO TAQUARI 225 NOVA MONTE VERDE 358 
APIACAS 226 NOVA MUTUM 295 
ARAGUAIANA 227 NOVA NAZARE 290 
ARAGUAINHA 228 NOVA OLIMPIA 296 
ARAPUTANGA 229 NOVA SANTA HELENA 292 
ARENAPOLIS 230 NOVA UBIRATA 297 
ARIPUANA 231 NOVA XAVANTINA 298 
BARAO DE MELGACO 232 NOVO HORIZONTE DO NORTE 300 
BARRA DO BUGRES 233 NOVO MUNDO 299 
BARRA DO GARCAS 234 NOVO SANTO ANTONIO 304 
BOM JESUS DO ARAGUAIA 235 NOVO SAO JOAQUIM 301 
BRASNORTE 236 PARANAITA 302 
CACERES 237 PARANATINGA 303 
CAMPINAPOLIS 238 PEDRA PRETA 305 
CAMPO NOVO DO PARECIS 239 PEIXOTO DE AZEVEDO 306 
CAMPO VERDE 240 PLANALTO DA SERRA 307 
CAMPOS DE JULIO 241 POCONE 308 
CANABRAVA DO NORTE 242 PONTAL DO ARAGUAIA 309 
CANARANA 243 PONTE BRANCA 310 
CARLINDA 244 PONTES E LACERDA 311 
CASTANHEIRA 245 PORTO ALEGRE DO NORTE 312 
CHAPADA DOS GUIMARAES 246 PORTO DOS GAUCHOS 313 
CLAUDIA 247 PORTO ESPERIDIAO 314 
COCALINHO 248 PORTO ESTRELA 315 
COLIDER 249 POXOREO 316 
COLNIZA 250 PRIMAVERA DO LESTE 317 
COMODORO 251 QUERENCIA 318 
CONFRESA 252 RESERVA DO CABACAL 320 
CONQUISTA D'OESTE 253 RIBEIRAO CASCALHEIRA 321 
COTRIGUACU 254 RIBEIRAOZINHO 322 
CUIABA 255 RIO BRANCO 323 
CURVELANDIA 256 RONDOLANDIA 330 
DENISE 257 RONDONOPOLIS 331 
DIAMANTINO 258 ROSARIO OESTE 332 
DOM AQUINO 259 SALTO DO CEU 334 
FELIZ NATAL 260 SANTA CARMEM 324 
FIGUEIROPOLIS D'OESTE 261 SANTA CRUZ DO XINGU 333 
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GAUCHA DO NORTE 262 SANTA RITA DO TRIVELATO 335 
GENERAL CARNEIRO 263 SANTA TEREZINHA 336 
GLORIA D'OESTE 264 SANTO AFONSO 325 
GUARANTA DO NORTE 265 SANTO ANTONIO DO LESTE 337 
GUIRATINGA 266 SANTO ANTONIO DO 
LEVERGER 
338 
INDIAVAI 267 SAO FELIX DO ARAGUAIA 339 
IPIRANGA DO NORTE 268 SAO JOSE DO POVO 326 
ITANHANGA 269 SAO JOSE DO RIO CLARO 327 
ITAUBA 270 SAO JOSE DO XINGU 328 
ITIQUIRA 271 SAO JOSE DOS QUATRO 
MARCOS 
319 
JACIARA 272 SAO PEDRO DA CIPA 329 
JANGADA 273 SAPEZAL 340 
JAURU 274 SERRA NOVA DOURADA 341 
JUARA 275 SINOP 342 
JUINA 276 SORRISO 343 
JURUENA 277 TABAPORA 344 
JUSCIMEIRA 278 TANGARA DA SERRA 345 
LAMBARI D'OESTE 279 TAPURAH 346 
LUCAS DO RIO VERDE 280 TERRA NOVA DO NORTE 347 
LUCIARA 281 TESOURO 348 
MARCELANDIA 283 TORIXOREU 349 
MATUPA 284 UNIAO DO SUL 350 
MIRASSOL D'OESTE 285 VALE DE SAO DOMINGOS 351 
NOBRES 286 VARZEA GRANDE 352 
NORTELANDIA 287 VERA 353 
NOSSA SENHORA DO 
LIVRAMENTO 
288 VILA BELA DA SANTISSIMA 
TRINDADE 
282 
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